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A.  INTROOUCTIOM 


This  report  is  in  reference  to  the  research  on  "Dynemic 
Tuning  of  a  Signal  Sorter  in  a  Dense  Environment"  sponsored  by 
the  Naval  Research  Laboratory.  7/1/80.  principal  investigator: 
Dr.  A.M.  Abd-Alla  of  the  George  Washington  University* 

The  purpose  of  the  research  was  to  study  the  application  of 
dynamic  tuning,  if  practically  feasible,  to  the  design  of  a 
particular  signal  sorter  In  order  to  improve  its  performance.  A 
simulation  model  of  a  signal  sorter  in  ».  dense  environment,  which 
was  studied  and  developed  through  work  by  the  Advanced  Techniques 
Branch  of  the  TEW  Division  of  the  NRL  was  used  for  problem 
analysis. 

Signal  sorting  Involves  the  con'elation  of  the  mass  of 
signals  detected  by  a  receiver  with  the  individual  sources  that 
generate  each  signal.;  The  signal  sorter  receives  a  pulse  train 
which  contains  the  signals  of  many  different  sources  and  which 
must  be  measured  and  analyzed  to  recognize  the  sources  of  the 
signals,  the  emitters,  and  to  separate  the  interleaved  pulses 
into  i^tdlvidual  emitters. 

sidenti f Icati on  of  particular  emitters  necessitates 
maintenance  of  a  file  to  compai^e  received  pulses  with  those 
currently  Identified  or  known  to  be  In  a  particular  environment 
and  to  update  when  new  emitters  are  detected  in  the  bhivI ronment. 
The  signal  sorter  generates  these  files  based  or.  parameters 
measured  by  the  receiver,  such  as  d1 recti on-of-arri val  [DOA]. 
carrier-frequency  tOfiT  pul^-width  and  latest 
time-of-arri val  and  4-2T  generated  parameters  based  on 
measured  parameters,  such  as  pulse-repetition-interval  [PRI]. 

\ 

In  addition,  the  signal  sorter  must  be  able  to  detect  some 
Irregularities  and/or  intentional  variations  in  the  signals 
received,  such  as  signal  dropout,  signal  overlap  or  measurement 
inconsistencies.  A  dense  environment  requires  a  signal  sorter 
with  high  throughput  rates  In  order  to  keep  up  with  the  high  data 
rate  for  real-time  requirements;  and  for  this  particular 
application  (airborne),  size,  weight  and  power  consumption  must 
also  be  kept  to  a  minimum. 


B.  BACKGROUND  INFORMATION 

The  simulation  model  Includes  models  of  the  environment,  the 
antenna  and  receiver,  and  the  signal  identification  and  sorting 
system.  A  summary  description  of  that  model  is  presented  here.^ 


B.l.  Environment  Simulation 

Two  subroutines.  NOAGE  and  NEMIT.  simulate  the 
electromagnetic  activity  seen  by  the  receiver.  NDA6E  generates 
the  initial  parameters  for  each  emitter:  see  figure  1  for  field 
definitions  for  each  parameter  of  the  emitter  array.  It  randomly 
selects  a  value  for  each  parameter  out  of  a  range  of  expected 
values  for  that  particular  parameter.  NEMIT  modifies,  and  updates 
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FIELD  DEFINITION  OF  THE  PARAMETER  ARRAY  FOR  EACH  EMITTER: 
EMITRd.J)  WHERE  I  =  EMUTER  NUMBER,  J=»DEFINED  BELOW 


1.  DX  -  X  DISPLACEMENT  OF  EMITTER  AND  SIGNAL  SORTER  (METERS) 

2.  DY  -  Y  DISPLACEMENT  OF  EMITTER  AND  SIGNAL  SORTER  (METERS) 

3.  POWER  OF  EMITTER  (INCLUDES  ANTENNA  GAIN) 

4.  MAINL08E  SIZE  -  OF  EMITTER  IN  DEGREES 

5.  SIDELOBE  LOSS  -  IN  DECIBELS  DOWN  FROM  MAIN  BEAM  GAIN 

6.  MAX.  ANTENNA  ANGLE  -  UP  SCAN  LIMIT  OF  ANTENNA  IN  DEGREES 

7.  SCAN  RATE  -  IN  HZ 

8.  PRI  -  PULSE  REPETITION  INTERVAL  IN  SECONDS 

9.  PULSE  WIDTH  -  IN  SECONDS 
lU.  FKEgUENCY  -  IN  GIGAHZ 

11.  ON  TIME  -  TIME  WHICH  THE  EMITTER  IS  TURNED  ON  (BEFORE 

MAXIMUM  ON-TIME  [EMS]) 

12.  OFF  TIME  -  TIME  AT  WHICH  THE  EMITTER  IS  TURNED  OFF 

13.  RCVR  POWER  -  POWER  LEVEL  FROM  EMITTER  I  SEEN  AT  THE 

RECEIVER  ANTENNA 

14.  TUA  -  TIME  OF  ARRIVAL  OF  TRANSMITTED  PULSE  AT  RCVR  ANTENNA 
lb.  DUA  -  DIRECTION  OF  ARRIVAL  OF  TRANSMITTED  PULSE  AT  RCVR  ANT. 

16.  FLAG  -  SET  FOR  DURATION  OF  PULSE 

17.  INITIAL  ANTENNA  ANGLE  -  IN  DEGREES 

18.  OZ  -  Z  DISPLACEMENT  OF  EMITTER  AND  SIGNAL  SORTER  (METERS) 

19.  MIN.  ANTENNA  ANGLE  -  LOWER  SCAN  LIMIT  IN  DEGREES 

20.  VX  -  X  VELOCITY  COMPONENT  OF  SI6HAL  SORTER  PLATFORM 

21.  W  -  Y  VELOCITY  COMPONENT  OF  SIGNAL  SORTER  PLATFORM 

22.  V:c  -  Z  VELOCIT/  COMPONENT  OF  SIGNAL  SORTER  PLATFORM 

23.  TYPE:  -1:M0VIN6  EMITTER,  0:FiXED,  +1:C0LLISI0N  COURSE 

24.  SPARE 

25.  SPARE 


Figure  1.  Field  Definition  for  Each  Emitter 


the  tlme-varyino  parameters  for  each  emitter  on  a  pulse~to-pi;>se 
basis. 

The  environment  simulation  generates  interleaved  pulse 
trains  representing  several  types  of  emitters  that  may  be 
encountered  in  a  real  environment.  Regular  emitters,  those  with 
no  intentional  variation  of  their  parameters,  predominate, 
although  exotic  emitters  may  also  be  generated.  A  variance  on 
some  parameters  can  also  be  added  on  a  pul se-to-pul se  basis  to 
account  for  measurement  Irregularities,  parameter  agility,  or 
emitter  drift. 

Flexibility  is  included  in  the  model  to  permit  varying 
environment  parameters,  such  as  emitter  ?RI  distribution,  emitter 
location,  signal  densities,  etc.,  in  different  runs  and  to  allow 
the  same  environment  to  be  tested  against  several  signal  sorter 
designs.  See  appendix  F-1  for  the  maximum  and  minimum  values  for 
each  parameter. 


B.2,  System  Configuration 
8. 2. a.  Antenna  &  Rec^'i  ,er 

The  subroutine  RCYR  simulates  the  antenna  and  receivei- 
model.  The  antenna  modal  is  a  phased  array  antenna  with  a  beam 
forming  network  .  This  antenna  is  equivalent  to  several  fixed 
directional  antennas  all  integrated  into  an  array  covering  the 
full  360*  view  around  the  signal  sorter  platform. 

The  receiver  mode^  is  comprised  of  16  video  detectors,  one 
at  each  beam  port  of  the  antenna.  Amplitude  measurements  from 
these  detectors  are  used  to  calculate  direction  of  arrival.  The 
receiver  also  measure  PM.  CF  and  TOA.  These  values  are  then 
digitized  ana  passed  to  the  processing  system  for  identification 
and  sorting. 

The  t)QA  is  used  as  a  sorting  parameter.  Each  beam  is 
divided  into  four  (4)  distinct  bins,  creating  64  bins  for  the 
36G®  view.  Each  emitter-  is  tiled  and  accessed  in  main  memory  by 
its  bln  number.  A  match  or  no-mateb  with  the  file  in  main  memory 
{s  based  on  findino  the  matching  frequency  parameter  for  a 
particular  emitter  in  its  BOA  bin.  TOA  is  used  to  calculate 
pulse-repstition-interval  (PRI)  for  prediction  of  subsequent 
pulse  arrivals.  Values  for  antenna  or  receiver  sensitivity, 
bandwidth,  gains,  etc.,  were  chosen  within  the  range  of  current 
techn-jl  ogles. 


B>2.b.  Processing  Hardware 

Configuration  of  the  signal  sorting  system  includes  both 
pipeline  and  parallel  arcjii tectures,  A  block  diagram  of  the 
system  is  shown  in  figure  2,  The  CAM,  the  Processor-Array 
buffer,  the  LIST  buffer  and  each  bin  {128  of  them)  of  the 
CAM-LOAU-IIST,  are  Fi r&t-ln-FI rst-Out  {FIFO)  buffers  to 
synchronize  the  rate  of  the  data  flow. 
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Figure  2.  Signal  Sorting  System 


The  signal  sorter  task  consists  of  the  following  stages: 
(11  presort,  (2)  identification  and  file  generation.  (3)  list 
forming  based  on  the  expected  arrivals  and  (4)  CAM  load. 

Presort  utilizes  the  CAM,  which  is  continuously  undated 
based  on  active  emitters  detected  by  the  receiver  A  CAM  word 
contains  the  DOA  and  CF  of  an  active  emitter.  The  PRI  of  the 
emitte)'  Is  stored  in  the  corresponding  werd  of  the  PRI  memory,  as 
shown  in  figure  3.  The  received  data  are  compared  to  the  CAM  for 
a  match.  If  no  match  occurs,  the  data  is  passed  down  the 
pipeline  to  the  2nd  stage.  This  CAM  organization  uses  the  CAM  to 
provide  a  fast  response  to  the  incoming  signals  and.  hence,  can 
handle  them  on  a  pul se-to-pul se  basis. 

Data  that  is  matched  by  the  CAM  is  updated  for 
next-time-of-arr I val  [NTOAl  and  passed  to  stage  3,  LlST-forming 
of  expected  arrivals.  This  LIST  is  ordered  based  on  MTOA,  and 
emitter  parameters  in  the  LIST  are  loaded  into  the  CAM  when  the 
real-time  clock  matches  the  MTOA  of  the  emitter.  So  the  CAM  acts 
as  a  filter  of  the  data  stream  to  stage  2.  (identification  and 
file  generation),  and  thereby  reduces  the  the  data  stream  to  that, 
stage  by  passing  only  unmatched  data.  This  presort  is  done  in  the 
simulation  subroutine  ASSOC. 

The  unmatched  data  is  compared  to  the  file  of  previously 
identified  emitters  in  stage  2  and  results  in  either  an  addition 
ot  a  new  emitter  to  the  file  or  updating  the  parameters  of  an 
existing  emii’ter  if  the  unmatched  data  matches  that  of  an 
existing  file  within  predetermined  limits.  These  emitters,  once 
identified  by  the  array  processors,  are  stored  in  a  LIST  buffer, 
which  will  be  used  to  load  the  CAM  LOAD  LIST.  These  tasks  are 
carried  out  in  the  MPPR  subroutine. 

The  CAM  LOAD  LIST  of  stage  4  is  used  to  load  the  CAM,  and 
the  CAM  is  loaded  only  with  the  nearest  expected  arrivals,  which 
allows  the  CAM  to  remain  small.  This  is  necessary  since  the 
current  size  of  CAMs  (content  addressable  memories)  is  limited 
and  is  restricted  to  24  registers  in  this  simulation.  In  a  dense 
environment,  the  CAM  would  not  be  able  to  hold  data  on  all  the 
emitters  at  once.  Data  for  an  emitters  is  loaded  into  the  CAM 
based  on  the  expected  arrival  time  of  the  next  pulse.  Thus,  the 
CAM  is  continuously  loaded.  The  algorithm  for  determining  the 
loading  time  for  emitter  data  into  the  CAM  is  discussed  in  the 
next  section. 


B.2.b,l,  LIST  Forming  Processor 

The  CAM  LOAD  LIST  is  a  series  of  FIFOs  which  are  ordered  as 
a  series  of  time  slots,  the  time  slots  correlated  with  the 
Mext-TIme-of-ArrI val  (MTOA)  of  an  emitter.  Data  for  an  emitter 
is  loaded  into  the  FIFO  corresponding  to  the  MTOA  of  that 
emitter.  The  correlation  of  MTOA  is  determined  by  the  value  of 
some  middle  bits  of  the  MTOA  which  represents  the  “time  slot“ 
bits,  the  position  of  these  bits  being  a  function  of  the 
distribution  of  the  PRIs  of  the  emitters.  This  provides  a 
uniform  distribution  of  emitters  throughout  the  FIFOs. 


Figure  3.  Data  Pass  for  Matched  Emitters 


Given  a  uniform  distribution  of  FRls  over  a  known  range, 
based  on  the  highest  and  lowest  PRI  of  the  emitter  environment, 
the  time  window  for  each  FIFO  is  based  on  the  following: 


M-bi ts 


N-bi ts 


NTOA  WORD 

M  =  #  of  middle  bits  used  as  a  time  slot  (M>0) 

N  =  #  of  bits  to  the  right  of  the  time  slot  in  the 

NTOA  word  (N>0).  Each  word  must  be  shifted  N  bits  to 
the  righ+  to  position  the  M  “time  slot"  bits  as  the 
least  si.  -ificant  bits  of  the  word. 

In  the  simulation  runs,  the  value  of  the  least  significant  bit  of 
the  NTOA  is  one  microsecond.  The  M  value  determines  the  number 
of  FIFOs  used  for  the  LIST.  i.e.  2"  FIFOs.  In  the  current 
simulation.  M  is  constrained  to  be  less  than  or  equal  to  8*,- 
therefore,  the  maximum  number  of  FIFOs  comprising  the  LIST  is  2° 
or  256.  Determination  of  the  values  of  M  and  N  based  on  the 
environment  is  discussed  later. 

Data  may  be  loaded  into  the  LIST  from  the  associative 
processor  (the  CAM  stage)  or  from  the  microprocessor  array.  Data 
from  the  associative  processor  are  emitters  which  matched  in  the 
CAM  and  will  be  arriving  again  in  a  time  period  equal  to  the 
particular  emitter's  PRI.  The  NTOA  of  the  matched  emitter  is 
computed  by  adding  the  PRI  to  the  TUA,  and  the  emitter  data  is 
loaded  into  the  LIST  again  in  the  FIFO  corresponding  to  the  new 
NTOA  time  window,  as  shown  in  figure  3.  Data  from  the 
microprocessor  array  are  those  emitters  which  were  unmatched  in 
the  CAM  and  have  now  been  matched  and  updated  or  added  to  the 
file  as  new  emitters-  This  data  is  added  into  a  buffer  for  the 
LIST  and  loaded  into  the  LIST  at  a  convenient  time. 

So,  the  LIST  Forming  Processor  creates  an  ordered  list  of 
those  emitters  whose  pulses  will  arrive  next.  This  function  is 
simulated  in  the  LCAM  subroutine. 


B.2.b.2.  LOAD  CAM  Processor 

The  LOAD  CAM  Processor  loads  the  CAM  from  the  LIST  FIFOs 
shortly  before  the  next  time  of  arrival  of  those  emitters. 
However,  the  CAM  is  loaded  only  when  it  is  not  doing  a  search. 
Processing  data  from  the  receiver  has  higher  priority  than 
loading.  A  real-time  clock  determines  the  particular  FIFO  in  the 
LIST  from  which  data  will  be  loaded  into  the  CAM.  The  FIFO  is 
correlated  to  the  real-time  slot  by  the  M  and  N  values  discussed 
earlier. 

Consequently,  the  CAM  is  loaded  only  with  those  emitters 
that  will  arrive  during  the  next  time  period.  The  emitter  data 
is  loaded  into  the  CAM  during  the  same  time  slot  as  the  NTOA  of 
the  emitter.  So  the  particular  FIFO  in  the  LIST  to  be  unloaded 
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is  determined  the  same  way  as  the  FIFO  to  be  loaded  is  selected. 
Data  within  a  FIFO  (bin)  is  unloa<'.ed  sequentially  on  a 
first-in-first-out  basis.  The  LOAD  CAM  Frocessor  function  is 
simulated  in  the  CAM  and  LCAM  subroutines. 


B.2.b.3.  Microprocessor  Array  (MA) 

Data  that  is  not  matched  in  the  CAM  is  passed  to  a  FIFO 
buffer  for  the  microprocessor-array  which  compares  the  unmatched 
data  to  its  files  for  a  match  on  frequency  in  three  adjacent  DOA 
bins.  New  data  is  stored  In  the  microprocessor-array  (MA'  memory 
based  on  its  DOA.  There  are  64  modules  in  the  MA  memory  to 
correspond  to  the  64  DOA  cells  of  the  receiver  system.  Each 
module  contains  a  number  of  entries  (e.q.,  16).  Each  entry 
includer  the  DOA,  the  frequency,  the  pulse-width,  the  TOA.  the 
PRI,  the  type  of  emitter,  and  a  status  flag  for  number  of  pulses 
received. 

A  NOMATCH  in  the  CAM  passes  that  particular  data  word  to  the 
MA  input  buffer.  Because  some  of  these  nomatches  rre  caused  by  a 
drift  in  an  emitter's  DOA,  a  search  is  done  on  three  modules  in 
the  MA  merijory  to  attempt  to  find  the  emitter  in  an  adjacent 
module.  The  microprocessor-array  consists  of  th»'ee 
microprocessors  operating  in  parallel,  A  search  for  a  frequency 
match  is  done  on  the  DOA  module  corresponding  to  that  of  the 
received  emitter  and  also  on  the  modules  with  DOA  on  either  side 
of  it  (i.e.,  DOA+1  and  DOA-1).  When  a  match  is  found  in  an 
adjacent  module,  the  emitter  data  is  transfered  into  the  proper 
module  (the  most  recent  value  of  DOA)  and  the  old  entry  is 
purged. 

The  three  processors  search  the  three  memory  modules  in 
parallel.  When  one  processor  finds  a  match  on  the  emitter,  it 
interrupts  the  other  two  processors.  The  three  processors  then 
continue  processing  the  next  entry  from  the  input  buffer  until 
the  buffer  is  empty.  In  addition  to  searching  for  a  DOA  drift, 
the  MA  also  searches  for  a  frequency  drift  in  each  module  within 
+1  Hz.  So  the  MA  does  a  between  limits  match  on  both  the 
frequency  and  the  DOA.  Data  that  is  matched  in  this  search  is 
updated  in  memory  and  passed  to  an  output  buffer  for  later 
loading  into  the  LIST.  The  MA  function  is  simulated  in  the  MPPR 
subroutine. 


C.  ARCHITECTURE  TUNING 

Tuning  as  it  applies  to  a  fixed  system  architecture  refers 
to  a  computer  system  structure  that  has  been  adjusted  to  solve  a 
particular  problem  more  efficiently.  In  the  case  of  a  signal 
sorter  system,  a  static  architecture  limits  its  effectiveness  to 
a  range  of  emitter  parameters  generated  by  the  envirnment  model 
because  the  system  is  tuned  to  operate  most  efficiently  in  that 
environemnt.  These  parameters  are  uniformly  distributed  and 
random;  they  are  also  bounded  by  arbitrary  upper  and  lower  limits 
based  on  previously  observed  values.  In  order  to  make  the  system 
more  flexible,  i.e.,  to  expand  the  variety  cf  environments  in 
which  the  signal  sorter  can  operate  efficiently,  requires  dynamic 


adjustments  in  the  archi tecture- 

Oynamic  tuning  is  adjustment  that  occurs  during  operation  of 
the  system  whenever  changes  in  environment  data  require  it.  Since 
parameters  such  as  environment  de'isity.  total  number  of  pulses 
per  second,  distribution  of  PHIs  and  DOA  distributions  affect 
system  performance,  changes  in  the  processing  system  to 
accommodate  these  changes  in  the  environment  could  provide 
acceptable  system  performance  over  a  wider  range  of  input 
characteristics.  In  the  next  section,  the  effect  of  the  PRI's 
range  on  the  previously  described  LIST  structure  is  analyzed. 


C.l.  LIST  Reconfiguration 

It  has  been  shown*  that  improved  performance  results  when 
the  number  of  modules  in  the  LOAD  CAM  LIST  is  chosen  based  on  the 
PRI  distribution.  This  assumes  a  uniform  distribution  of  PRl 
values  over  the  range  of  PRIs.  Reconfiguration  of  the  LIST  is 
based  on  the  PRI  distribution  of  the  environment  and  the  loading 
time  slot  parameters  M  and  N  such  that: 

(1)  2JI  <  Minimum  PRI 

(2)  2^  >  Maximum  PRI 

The  first  condition  provides  a  good  distribution  of  emitters  over 
the  number  of  bins  and  the  second  condition  covers  the  entire 
range  of  NTOA,  including  emitters  with  maxium  PRI.  This  provides 
that  the  time  to  cycle  through  all  the  bins  in  the  LIST  is 
greater  than  the  maximum  PRI. 

Since  M  determines  the  number  of  modules  and  keeping  M  small 
is  a  consideration,  the  upper  limit  on  M  must  be  restricted.  For 
LIST  configuration,  tne  following  conditions  should  be  true: 

1.  M  <  M-max  (log2  of  max  #  of  modules  allowed) 

2.  N  <  [logj  PRIL]  []=integer  value 

3.  N+M=[log3  PRIH]+)  of  quantity 

For  a  summary  of  configurations  of  (M.N)  giving  the  best  results 
for  values  of  (PRIH.PRIL)  see  table  1  and  figure  4.  The  maximum 
value  Tor  2^  is  chosen  arbitrarily  to  be  128. 

Reconfiguration  of  the  LIST  is  implemented  by  monitoring  the 
maximum  and  the  minimum  PRIs  in  the  environment  that  is  being 
tested.  The  microprocessor  array  is  the  monitor  which  outputs 
new  values  to  the  LIST  control  hardware  to  initiate 
reconfiguration.  This  is  done  in  subroutine  CONFIG,  which  is 
called  by  MPPR. 

In  simulation  runs  in  this  report,  LIST  configuration  was 
static  if  “number  of  emitters  identified  before  conHgurati on" . 
an  input  parameter,  was  greater  than  the  number  of  emitters  in 
the  environment,  'nd  dynamic  if  that  input  pa-ameter  was  less 
than  the  number  of  emitters  present. 

The  range  of  PRIs  affects  the  structure  of  the  LIST  used  to 
load  the  CAM  with  the  data  for  next  expected  pulse  arrivals. 


TABLE  1.  Configuration  vs  PRI  Distribution 


MAX  PR! 

XlPRI.) 

PRI 

(PRIl) 

1 

2000 

1 

Ni  i 

- 

_ !! _ i 

2500 

3072 

4000 

4096 

1 

7168 

1 

128 

5,6 

6,6 

6,6 

6,6 

6,6 

ID 

Bi 

mn 

256 

5,6 

6,6 

6,6 

5.7 

5,7 

_ j 

ma 

5,8 

5,8 

38k 

5,6 

6,6 

6,6 

m 

B 

5,8 

5,8 

512 

5,6 

6,6 

6,6 

5.7 

B 

ED 

5,8 

5,8 

640 

5,6 

HI 

5,7 

m 

rai 

Mi 

5,8 

5,8 

768 

5,6 

m 

5.7 

5,7 

m 

BB 

5,8 

5,8 

5,8 

896 

5,7 

5,7 

5.7 

5,7 

m 

Di 

5,8 

IB 

^,9 

1024 

5.7 

m 

Bi 

5,7 

5,8 

5,8 

^,9 

k,9 

(M,N  =  Log2  (number  of  Bins) , relative  Bln  size) 
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fhus  the  LIST  organization  (the  size  of  each  module  and  the 
number  of  modules),  can  be  based  on  the  minimum  and  maximum  PRI. 
with  the  total  size  of  the  LIST  remaining  fixed.  Implementations 
of  modules  of  the  LIST  structure  using  both  FIFO  and  RAM  memories 
are  discussed  below. 


C.l.a.  FIFO  Implementation 

The  FIFO  Implementation  of  architecture  tuning  of  the  LIST 
structure  consists  of  a  fixed  number  of  FIFO  Integrated  circuit 
memories  of  a  fixed  size  and  configuration  logic.  Whenever  there 
Is  a  change  in  either  the  minimum  or  the  maximum  PRI,  the 
processor  array  passes  these  new  vali-es  to  the  LIST  configuration 
logic,  which  performs  the  following  functions:  (l)It  maps  the  PRI 
pair  (PRIH,PRIL)  Into  the  (M,N>  pair  based  on  a  prestored  table 
which  was  derived  based  on  earlier  research.®  The  logic  for  the 
mapping  Is  shown  In  figure  5.  (2)It  reconfigures  the  LIST 
architecture  based  on  the  (MJJ)  pair  generated  by  the  mapping 
RUM.  The  configuration  hardware  generates  the  signals  fo*^  proper 
interconnection  of  the  FIFO  ICs.  Configuration  will  result  In  2*^ 
modules  with  each  module  consisting  of  one  or  more  ICs.  A  logical 
path  is  created  between  ICs  when  there  Is  more  than  one  IC  per 
module.  For  example,  a  reconfiguration  with  16  ICs  which  requires 
a  reduction  In  modules  from  16  to  8  will  cause  the  output  from 
all  even  ICs  to  become  Input  to  the  next  IC.  This  will  double 
the  size  of  each  module  while  halving  the  number  of  modules.  (3) 
LIST  configuration  logic  also  uses  the  (M,N)  pair  to  determine 
the  proper  module  for  loading  and  unloading  data  from  the  LIST. 
The  NTOA  Is  decoded  to  load  data  Into  the  proper  module  of  the 
LIST,  and  the  real-time  clock  Is  used  to  unload  data  from  the 
correct  module  of  the  LIST  Into  the  CAM.  The  low  order  W  bits  of 
the  time  fields  are  dropped,  and  the  next  higher  order  M  bits  are 
decoded  Into  a  module  number. 

As  an  example,  consider  a  PRIH  of  7900  and  a  PRIL  of  500. 
The  maximum  value  of  N  is  8  [2^=28  =  256  <  500=PRIL1*,  the  minimum 
value  of  N+M  Is  13  C2(M+N)=2l3=8192  >  7900=?RIH3.  M=5.  So  the  low 
order  8  bits  and  the  high  order  3  bits  of  the  NTOA  of  an  emitter 
would  be  Ignored  and  the  middle  5  bits  would  be  decoded  Into  the 
module  (from  1  to  32)  Into  which  the  emitter's  data  should  be 
1 oaded. 


C.l.D.  RAM  Implementation 

The  main  drawback  to  FIFO  implementation  is  the  large  amount 
of  hardware  requ-^red  to  construct  the  LIST,  The  alternative  to 
FIFO  implementation  of  reconfiguration  is  a  RAM  memory.  This 
Implementation  Increases  the  overhead  required  because  of  the 
necessary  use  of  pointers  to  sections  of  the  RAM  In  order  to 
construct  the  Independent  modules  of  the  LIST.  Pointers  must  be 
updated  with  each  data  word  loaded  or  unloaded. 

FIFO  simulation  using  a  RAM  requires  two  pointers  for  each 
module:  a  LIS^  load  pointer  for  tne  top  of  the  stack  (last-in) 
and  a  LIST  unload  pointer  for  the  bottom  of  the  stack 
(first-ln).  Tne  total  number  of  pointers  to  the  LIST  Is  twice 
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the  number  of  LIST  modules.  In  order  to  reduce  the  number  of 
register  pointers  outside  of  the  RAM  memory,  memory  locations 
within  the  RAM  itself  can  be  used  as  pointers. 

Reconfiguration  occurs  when  the  LOAD-CAM  processor  receives 
an  Interrupt  from  the  processing  array.  The  LOAD-CAM  processor 
reads  the  new  configuration  status  (number  of  modules  in  the 
LIST)  and  adjusts  the  pointers  to  the  buffers  accordingly  A 
microprocessor  with  internal  memory  is  desirable  in  implementing 
the  RAM  LIST  because  of  the  address  computations  needed  to  access 
the  LIST.  The  internal  data  memory  of  the  microprocesor  is  then 
used  to  keep  track  of  pointers  to  the  next  avalable  data  word  in 
sections  of  the  LIST.  Also,  part  of  the  hardware  is  used  to  map 
the  (PRIH.PRIL)  pair  into  the  (M,N)  pair  configuration  while  the 
other  part  is  used  to  decode  the  NTOA/real-time-clock  into  the 
correct  module  for  LIST  loading/unloading.  LIST  implementation 
with  FIFO-ICs  only  requires  a  simple  controller  to  perform  the 
same  tasks  which  needed  a  microprocessor  In  the  case  of  FIFO-RAM. 

Previous  research^  indicates  that  FIFO-IC  reconfiguration 
resulted  in  the  best  performance  but  would  be  expensive  to 
implement  due  to  the  amount  of  hardware  required.  While  the 
FIFO-RAM  approach  produces  additional  overhead  associated  with 
updating  pointers  and  reconfiguration  of  the  LIST,  this  does 
degrade  the  system.  but  not  significantly.  FIFO-RAM 
implementation  would  be  more  cost  effective. 


D.  ENVIRONMENTAL  INPUTS  AND  PARAMETERS  OF  THE  SYSTEM  COMPONENTS 

The  environmental  Inputs  and  the  configuration  of  the 
various  components  of  the  signal  sorter  system  will  affect  its 
level  of  performance.  Environmental  inputs  that  will  affect  the 
system  are  the  number  of  emitters  detected  in  the  erivironment  at 
any  one  time,  the  PRIs  of  those  emitters,  the  types  and  number  of 
exotic  emitters.  Signal  sorte^^  parameters  that  will  affect 
performance  are  the  speeds  of  the  associative  processor  and  the 
array  processor,  and  also  the  speed  of  the  CAM  manager.  In  terms 
of  LIST  configuration,  parameters  that  affect  efficiency  are  the 
[M.N]  values  for  the  number  of  modules  and  the  time-slot  for 
loading  the  LIST.  These  values  and  any  advance  load  time  for  the 
CAM  and  the  naaiber  of  CAM  registers  will  affect  the  performance 
of  the  whole  associative  processing  stage  of  the  signal  sorting 
process.  Since  the  efficiency  of  the  system  is  dependent  upon 
the  performance  of  each  component  of  the  system,  it  is  important 
to  find  the  optimal  configuration  that  will  best  handle  any 
environment  that  could  be  encountered. 

To  be  able  to  vary  the  environment  and  to  also  vary  the 
configuration  of  the  system,  the  following  parameters  are  input 
to  the  system  at  run  time; 

ENVIRONMENT:  -continuous  wave  emitters  [yes/no]? 

-pulse  group  emitters  [yes/noj? 

-nonuniform  DOA  change  Cyes/no]? 

-number  of  frequency  hopping  emitters 
-set  high  and  low  PRI  [yes/accept  default]? 

-total  number  of  emitters 
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-separation  between  emitter  tcrn-on  times 


SIGNAL  SORTER:  -associative  processing  time  in  microseconds 

-array-processor  processing  time  in  microseconds 
per  microinstruction 

-CAM  manager  processing  time  in  microseconds 
-number  of  CAM  registers 
-initial  number  of  modules  in  the  LIST  (2”) 
-initial  number  of  bits  shifted  {2“) 

-advance  load  time 

Also  included  as  inputs  are  'simulation  run  time*  and  'print 
increment'  for  outputting  statistics,  both  in  seconds. 

The  parameters  used  to  evaluate  the  performance  of  the 
signal  sorter  are: 


1. 

2, 

3. 

4. 

5. 


rate  of  CAM  nomatches  per  second 


ratio  of  CAM  noraatch/match 
maximum  number  of  emitters 
input  buffer 

maximum  number  of  emitters 
the  array  processors 
maximum  number  of  emitters 


in  the  assocative  processor 
In  the  FIFO  input  buffer  of 
in  any  bin  of  the  LIST 


The  "noraatch"  count  in  the  array-processors 
those  emitters  whose  signals  have  not  been 
catalogued  in  the  main  memory  files.  It  also 
UUA  or  frequency  drifts.  Nomatches  are  those 


does  not  include 
identified  and 
does  not  include 
emitters  whose 


parameters  have  been  calculated  and 
file  bat  whose  received  pulse  did 
prescribed  limits,  the  parameters  of 
the  expected  time  of  the  arrival  of  the 


repr  sents  the  number 
of  match/romatch  is  an 
process  of  the  CAM 
calculated  as  the  difference 
nomatches  at  the  current  second 
at  the  preceding  second,  is 
performance  is  over  time,  i.e.. 


stored  in  the  main  memory 
not  match,  within  the 
any  emitter  in  the  CAM  at 
pulse.  The  match  count 


of  emitters  matched  in  the  CAM.  The  ratio 
indicator  of  how  effective  the  filtering 
is,  while  the  rate  of  noraatches  per  second, 
between  the  total  number  of 
and  the  total  number  of  nomatebes 
an  indicator  of  how  effective  CAM 
if  a  steady  state  is  realizable, 
output  from  the  receiver  to  be 


The  AP  input  buffer  contains 
matched  in  the  CAM.  The  size  of  this  buffer  indicates  whether 
the  AP  speed  is  adequate  to  handle  the  incoming  data  rate  from 
the  receiver  system.  For  varying  CAM  processing  speeds,  an 
increase  in  this  buffer  could  act  as  a  measure  of  the  maximum 
delay  for  CAM  loading  from  the  LIST.  This  will  be  discussed 
later. 

A  major  objective  of  the  system  is  to  minimize  the  delay 
from  the  time  the  first  pulse  of  an  emitter  is  received  until  it 
is  identified  and  stored  in  the  system,  A  larje  number  pf 
emitters  in  the  FIFO  buffer  of  the  array  processors  would  result 
in  a  delay  in  completing  their  processing.  This  would  be  a 
factor  of  both  CAM  effectiveness  and  processor-array  speed. 
Ideally,  the  size  of  this  buffer  should  remain  small  over  time. 


The  maximum  size  of  any  bin  in 
bound  for  the  size  of  the  CAN.  Bin  size 


the  LIST  shows  the  lower 
is  the  maximum  number  of 
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emitters  that  will  be  loaded  into  the  CAM  during  any  time-slot-  A 
large  number  here  would  increase  the  probability  of  CAM 
processing  time  causing  a  delay  in  loading  an  emitter  in  time  for 
its  NTOA.  Overwriting  of  data  items  that  have  not  yet  matched  is 
aso  likely  to  occur  if  this  size  of  any  bin  larger  than  the  size 
of  the  CAM.  Simulation  runs  indicate  that  for  optimum 
performance,  the  bin  size  should  not  exceed  half  the  CAM  size. 

These  performance  measures  are  not  independent,  nor  are  they 
all  the  performance  measures  that  exist.  These  are  the 
performance  measures  described  in  the  tables  of  this  report. 


u.l.  Environmental  Affects 

The  rate  of  nomatchea  in  the  CAM  is  affected  by  the  system 
configuration  and  varying  certain  input  parameters;  however,  a 
percentage  of  those  nomatches  are  strictly  a  result  of  the 
environment.  Environments  that  contain  emitters  with  frequencies 
that  are  equal  within  +1  units  and  are  very  close  in 
di rection-of-arri val  can  increase  the  rate  of  nomatches  over 
time. 

Emitters  with  DOA  or  frequency  drifts  are  passed  to  the 
microprocessor  array  for  a  between-1 imi ts  match  of  +1  units  on 
DOA  cell  and  freqency  (frequency  is  scaled  between  1  and  4096). 
Iv  eraitter-A  has  the  same  frequency+1  as  emitter-B  and  the  two 
are  in  adjacent  DOA  cells  In  memory,  the  microprocessor  array 
will  match  and  update  the  first  location  it  encounters  within  the 
required  limits.  The  microprocessor  array  matches  only  on  DOA+1 
and  frequency+1.  If  A  matches  B  on  DOA  and  frequency,  A  will  be 
updated  based  on  the  PRl  cf  B.  This  will  result  in  subsequent 
OOA-nomatches  on  emitter-A  until  it  drifts  to  a  nonadjacent  cell 
(UUA  drift  >  1)  or  emitter-B  drifts  out  of  the  cell  adjacent  to 
A.  The  former  will  result  in  a  strict  nomatch  and  entry  into  the 
memory  file  as  a  new  emitter.  The  latter  will  continue  to  result 
in  UOA-nomatches  until  the  NTOA  is  updated  to  the  range  of  the 
time  window  corresponding  to  the  actual  arrival  time  of  the 
emi tter. 

An  emitter  environment  generated  for  300  emitters  is  in 
appendix  F,3.  Output  includes  DOA  cell  number,  position  of 
emitter  In  each  DOA  cell,  frequency  and  PRI.  The  list  is  sorted 
by  frequency.  DOA's  within  +5  with  frequencies  within  +1  are 
highlighted  as  a  potential  source  for  this  phenomenon.  The  DOA 
drift  for  a  several  second  simulation  run  can  »*esult  in  a  dri^'t 
of  th1-i  size  and  larger. 

From  appendix  F.3,  consider  emitter-A  in  DOA  cell-20, 
position-?,  with  a  frequency  of  72  Hz  and  a  PRI  of  7623 
microseconds;  and  emItter-B  in  module-18,  position-4,  with  .a 
frequency  of  72  Hz  but  a  PRI  of  2931.  If  A  dr1fl>  to  module-19, 
a  nomatch  will  occur  in  the  CAM.  The  microprocessor  will  then 
search  memory  modules  18.  19  and  20  for  a  match  on  frequency 
72+1,  These  modules  will  be  searched  in  parallel.  When  a  match 
Is  found  in  one  of  the  modules,  adjacent  searches  are  halted. 
Since  8  Is  in  the  4th  position  in  module-18.  It  will  match  A 
before  the  7th  positon  of  module-20  is  reached.  As  a  result. 


emi  tter-A  will  be  updated  based  on  a  PRX  of  ;J931  rather  than  7623 
and  will  produce  more  UUA-noraatches.  In  the  worst  case  this 
could  produce  as  many  as  131  DOA-nomatches  in  1  second  of 
simulation  time.  The  131  nomatches  corresponds  to  the  arrival 
rate  of  emitter-A  (PRI=7623). 

Several  such  occurences  in  an  environment  will  increase  the 
number  of  internal  arrivals  (the  number  of  arrivals  to  the 
microprocessor  array  due  to  nomatches  of  all  types),  which  is  an 
increase  in  the  workload  on  the  microprocessor  array.  This  also 
accounts  for  main  memory  containing  less  than  the  number  of 
emitters  expec  d  in  an  environment.  Instead  of  inserting  a  new 
emitter  into  ^ne  file,  the  microprocessor  array  matches  the 
emitter  with  an  existing  one  that  has  the  DOA  and  frequency 
within  the  required  limits. 


D.l.a.  Separation  Time 

Emitter  turn-on  times  will  also  affect  system  performance 
because  it  alters  the  density  of  new  emitters  seen  in  the 
environment  at  any  one  time.  In  addition,  if  the  characteristics 
of  each  emitter  in  the  environment  do  not  change,  varying  their 
on-times  (i.e*.  the  time  at  which  the  emitter  is  first  seen  by 
the  signal  sorter)  will  affect  performance  due  to  the  different 
combination  of  signals  that  will  be  seen  during  any  one  time 
slot.  It  may  eliminate  some  signal  clustering;  on  the  other 
hand,  it  may  increase  the  occurrence  of  this  phenomenon. 

For  100  emitters  and  300  emitters,  runs  were  made  with  a 
separation  time  of  both  .  05  seconds  per  lOU  emitters  and  of  .  05 
seconds,  100  emitters  would  be  turned  on  within  the  first  to  0.1 
seconds  and  the  third  100  emitters  would  be  turned  on  within  0.1 
to  0.15  seconds,  and  similarly  for  0.15  seconds.  So  for  an 
on-time  separation  of  0.15  seconds,  all  300  emitters  would  not  be 
seen  until  0.45  seconds  of  run-time  had  elapsed. 

The  above  four  configurations  were  run  long  enough  for  all 
emitters  in  the  environment  to  be  detected.  The  run  times  were 
as  follows; 


100 

emitters  with  0.05  separation 

-0.10  seconds 

100 

.15 

.20 

300 

.05 

.20 

300 

.15 

.50 

The  rate  of  nomatches  and  the  percentage  of  nomatch/match  were 
compared.  In  addition,  the  number  of  internal  arrivals  (NIA) 
were  examined  sines  the  rate  of  nomatches  was  at  times  zero  for 
the  beginning  of  the  run.  HIA  includes  all  data  that  is  passed 
to  the  array-processors,  UUA  drifts,  new  emitters  and  any  other 
data  not  matched  in  the  CAM.  These  values  will  reflect  the 
increase  in  data  passed  to  the  array-processor  as  each  emitter  is 
detected  and  catalogued  in  main  memory  and  the  levelling  off  of 
these  figures  as  the  number  of  new  emitters  in  the  environment 
decreases  and  the  signal  sorter  matches  those  signals  it  has 
evaluated  and  can  now  identify.  Table  2  contains  data  from  these 
four  runs  and  figures  6  and  7  show  graphically  the  rate  of 
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Table  2.  Performance  as  a  Function  of  SEPARATION  TIME 


Run-Time 

Seconds 

10 

D  w  .05 

100  w  .1 

5 

300  w  .05 

300  w  .15 

^oN/M 

RNoM 

NIA 

%N/M 

RNoM 

NIA 

1 

IN/M  i 

RNoM 

NIA 

IN/M 

RNoM 

NIA 

.01 

0 

0 

38 

0 

0 

16 

0 

0 

26 

0 

0 

2 

.02 

0 

0 

71 

0 

0 

16 

0 

0 

48 

0 

0 

23 

.03 

0 

0 

68 

3.1 

2 

23 

0 

0 

68 

0 

0 

19 

.04 

0 

0 

57 

1.6 

0 

25 

.95 

3 

78 

0 

0 

16 

.05 

0 

0 

67 

.93 

0 

25 

.70 

1 

75 

0 

0 

13 

.06 

0 

0 

14 

.58 

0 

30 

.43 

0 

61 

0 

0 

27 

.07 

0 

0 

2 

.39 

0 

28 

.38 

1 

65 

0 

0 

26 

.08 

.11 

2 

2 

.29 

0 

38 

.28 

0 

72 

.22 

1 

25 

.09 

.09 

0 

0 

.22 

0 

13 

.21 

0 

46 

.33 

1 

20 

.10 

.08 

0 

1 

.17 

0 

17 

.17 

0 

65 

.76 

5 

35 

.11 

.14 

0 

20 

.25 

4 

86 

.79 

2 

30 

.12 

.12 

0 

15 

.31 

5 

82 

.87 

3 

25 

.13 

.10 

0 

19 

.43 

9 

70 

.71 

0 

18 

.14 

.13 

1 

26 

.54 

11 

71 

.59 

0 

23 

.15 

.15 

1 

14 

.58 

8 

86 

.59 

2 

29 

.16 

.13 

0 

14 

.69 

16 

37 

.71 

5 

30 

.17 

.12 

0 

0 

.78 

16 

21 

.62 

0 

22 

.18 

.11 

0 

0 

.83 

14 

15 

.57 

1 

26 

.19 

.54 

1 

27 

.20 

.53 

2 

19 

.21 

.50 

1 

21 

.22 

.49 

2 

25 

.23 

.46 

1 

25 

.24 

.44 

1 

22 

■  .25 

.41 

1 

13 

.26 

.41 

2 

14 

.27 

.41 

3 

27 

.28 

.40 

1 

24 

.29 

.40 

3 

29 

.30 

.38 

1 

35 

.31 

.36  ■ 

0 

38 

.32 

.35 

2 

22 

.33 

.38 

6 

23 

.34 

.38 

3 

31 

.35 
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Figure  7. 


Rate  of  Internal  Arrivals 
For  300  Emitters 


internal  arrivals  for  100  and  300  emitters,  as  discussed  below. 

For  lOU  emitters  with  .  0?  separation,  the  number  of  actual 
nomatches  Is  zero  up  until  .  08  seconds  when  there  are  two 
nomatches.  (Recall  that  the  nomatch  count  includes  those 
arrivals  which  should  match  In  the  CAM  under  ideal  predictions  of 
arrival  time  and  CAM  loading.  In  other  words.  It  does  not 
Include  the  nomatches  from  the  first  three  arrivals  of  a  given 
emitter  while  it  is  being  Identified  by  the  processor  array.) 
However,  the  number  of  Internal  arrivals  per  second  shows  a  peak 
in  activity  at  .  Ui*  and  a  slightly  smaller  peak  at  that  time,  the 
number  of  internal  arrivals  is  reduced  significantly.  The 
percentage  of  nomatch/matcn  remains  at  zero  until  .  08  seconds 

when  the  two  noma';ches  are  produced,  but  this  figure  also 
decreases  since  there  are  no  other  nomatches  during  this  time 
period.  The  nomatch  count  refers  only  to  those  emitters  which 
should  have  matched  in  the  CAM  but  did  not  for  reasons  other  than 
frequency  or  DOA  drift  or  new  emitter. 

For  100  emitters  with  U.lb  separation  time,  the  first 
nomatches,  2,  show  up  at  .  03  seconds:  there  is  not  another  one 
until  0.14  seconds  of  run-time;  thus  the  percentage  of 
nomatch/match  can  be  deceiving  without  also  looking  at  the  rate 
of  nomatches.  The  percentage  of  match/nomatch  is  a  good 
performance  measure  at  steady  state,  i.e.  after  all  emitters  are 
seen.  The  NIA  rate  peaks  at  .  08  seconds  -  64  emitters  have  been 
turned  on  at  that  time  -  and  decreases  to  almost  a  third  of  its 
peak  size  at  0.15  seconds,  when  all  emitters  have  been  turned  on. 
After  all  emitters  have  been  turned  on  in  both  runs,  performance 
is  approximately  the  same. 

For  300  emitters  with  .  (*5  separation,  all  emitters  will 
turn  on  by  0.15  seconds.  The  number  of  internal  arrivals  peaks 
at  0.04,  0.11  and  0.15  seconds,  which  is  approximately  the  time 
each  loo  emitters  will  have  been  added  to  the  file.  The  rate  of 
nomatches  remains  zero  or  fairly  small,  5  or  less,  up  to  0.13 
seconds.  The  NIA  rate,  however,  starts  to  decrease  after  0.15 
seconds.  So  more  of  the  arrivals  to  the  array-processor  are 
nomatches  rather  than  new  emitters,  which  have  all  turned  on  at 
that  point,  thus  NIA  and  rate  of  nomatches  become  approximately 
equal . 


For  3UU  emitters  with  0.15  separation,  this  does  not  happen 
until  .  46  seconds  of  run  time.  The  rate  of  nomatches  remains 
small  until  about  0.35  seconds  when  it  starts  to  slowly  increase. 
Since  the  turn-on  times  are  spread  over  a  longer  time,  the  NIA 
rate  is  much  more  smooth  with  the  peaks  not  as  pronounced  as  for 
0.05  separation.  There  are  slight  peaks  at  the  limit  of  turn-on 
time  for  each  100  emitters  and  usually  one  between  these  limits 
when  at  least  50  of  the  100  emitters  to  be  turned  on  during  that 
time  interval  have  been  detected.  For  example,  there  is  a  peak 
at  0.16  seconds,  but  also  one  at  0.10  seconds;  there  is  a  peak 
at  0.31  seconds  and  0.45  seconds,  but  also  one  at  0.39  seconds. 
After  0.45  seconds,  the  NIA  rate  starts  to  decrease  from  its  peak 
and  the  nomatch  rate  begins  to  approximate  it.  Indicating  that 
all  new  emitters  have  been  turned  on. 

The  results  of  this  simulation  of  all  emitters  with  sign  1 
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turn-on  within  such  short  period  time  is  used  for  worst  case 
analysis.  It  would  correspond  to  a  system  turn-on  or  system 
reset  in  the  midst  of  a  dense  environment  or  to  an  even  denser 
environment  with  a  longer  separation  time  It  represents  the 
worst  case  transient  analysis  rather  than  the  steady  state  of 
performance  for  the  microprocessor-array. 


-N 

.) 


D.l.b.  Frequency  Hoppers 

Frequency  hoppers  are  those  emitters  that  change  the  carrier 
frequency  of  the  pulse  signal  in  some  fashion  {sometimes 
pul se-to-pul se)  while  the  PRI  remains  the  same.  This  type  of 
emitter  is  difficult  to  identify.  The  receiver  model  measures 
the  frequency  and  calculates  the  DOA  based  on  which  antenna 
receives  the  strongest  part  of  the  signal.  This  information  is 
catalogued  in  the  main  memory  file  based  on  the  DOA  and  the 
frequency  for  each  detected  signal  is  stored  in  the  file 
corresponding  to  its  DOA.  Because  identification  is  based  on 
frequency  matching,  frequency  hopping  emitters  appear  as  new 
emitters  in  the  main  memory  file  each  time  the  signal  appears 
until  a  pattern  in  the  transmission  is  detected.  The  result  is  an 
increase  in  the  workload  on  the  microprocessors  oecause  there 
appears  to  be  more  emitters  in  the  environment  than  are  actually 
transmitting.  Each  signal  is  stored  as  a  new  emitter  until 
another  signal  with  the  same  frequency  and  DOA  is  received  to 
calculate  the  PRI  for  those  parameters.  If  the  frequency  is  not 
repeated,  each  successive  signal  will  be  stored  in  the  main 
memory  file  until  main  memory  is  full:  in  actuality,  until  the 
bin  corresponding  to  the  frequency  hopper's  DOA  is  full. 

In  order  to  determine  the  effect  of  frequency  hoppers  on  the 
signal  sorting  system  without  overflowing  the  main  memory  files, 
a  wraparound  tecnhique  is  utilized.  Whenever  a  bin  in  main 
memory  reached  its  limit  due  to  frequency  hoppers,  the  file  was 
modified  to  wrap  around  and  start  loading  new  emitters  into  the 
top  of  the  bin  corresponding  to  the  DOA  of  the  emitter. 
Wraparound  in  main  memory  can  be  detected  by  the  maximum  size  of 
any  bin  reaching  48.  The  actual  pointer  bin  will  be  to  the  next 
location  that  will  be  loaded.  For  those  cases,  the  number 
representing  total  emitters  in  the  main  memory  file  will  not 
reflect  the  fact  there  are  48  emitters  in  those  bins,  but  will 
only  include  the  size  of  bin  indicated  by  the  pointer.  For 
example,  if  maximum  size  of  bin  34  was  48  but  the  current  pointer 
is  6,  the  actual  number  of  emitter^  in  the  main  memory  file 
the  indicated  total  minus  the  pointer  value  plus  48  (the  actual 
number  of  emitters  in  the  bin). 

An  environment  with  50  emitters  and  2  frequency  hoppers  was 
run  for  1.0  seconds.  This  run  was  compared  with  an  environment 
of  50  emitters  and  no  frequency  hoppers.  Both  were  run  as  a 
dynamic  configuration  with  .  05  second  maximum  separation  between 
on-times.  One  effect  of  the  overflow  in  the  main  memory  file 
resulting  in  wraparound  is  that  the  frequency  hopper  environment 
reconfigures  the  LIST  after  0.6  seconds  of  run-time.  Wraparound 
in  the  bin  writes  over  emitters  that  were  previously  identified. 
When  the  signals  for  these  emitters  are  detected  again,  they  will 
appear  as  new  emitters  and  will  have  to  be  typed  and  stored  in 
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the  main  file  aqein.  If  the  frequency  hopper  cn,.ciiiues  to 
wraparound  and  write  over  the  data  for  incoming  emitters  to  that 
bin,  the  emitters  will  never  be  typed  and  the  PRI  will  not  be 
calculated  for  them.  The  data  corresponding  to  the  last  signal 
will  be  wiped  out  before  a  new  signal  is  detected  and  compared  to 
the  file.  If  the  emitters  in  the  wraparound  bin  are  in  the  range 
that  would  produce  a  different  configuration  if  these  were  not 
present,  the  LIST  will  reconfigure  as  if  they  are  not  present 
since  they  are  not  in  the  main  memory  file  long  enough  to 
calculate  the  PRI  - 

Consequently,  a  second  environment  with  5u  emitters  and  1 
frequency  hoppers  was  run  as  a  static  configuration  with  a  LIST 
configuration  of  which  is  the  configuration  for  the 
dynamic  environment  with  no  hoppers.  This  environment  will 
eliminate  any  performance  differences  that  are  due  to  LIST 
reconf i gurati on. 

For  the  dynamic  frequency  hopper  environment  (dFH)  and  the 
environment  with  no  frequency  hoppers  (nFH),  the  rate  of 
nomatches  remains  the  same  up  until  the  reconfiguration  of  dFH  at 
O.V  seconds.  The  rate  jumps  from  0  to  637  in  0.1  seconds.  The 
nFH  environment  remains  at  zero  for  the  duration  of  the  run.  The 
static  frequency  hopper  environment  (sFH)  is  approximately  the 
same  as  nFH.  The  slightly  better  performance  can  be  attributed 
to  the  configuration  remaining  static  throughout  the  run  rather 
than  reconfiguring  as  new  emitters  enter  the  environment.  The 
number  of  nomatches  in  this  case  will  reflect  actual  nomatches 
from  the  regular  (identified)  emitters  since  each  signal  from  the 
frequency  hoppers  will  appear  as  a  new  emitter,  not  as  a  nomatch 
on  an  existing  emitter.  The  indicators  of  the  effect  on  the 
system  are  most  apparent  in  the  number  of  emitters  that  appear  to 
be  in  the  environment  and  the  ratio  of  the  number  of  matches  to 
the  number  of  signals  received.  The  number  of  external  arrivals 
(NEA)  will  be  the  same  for  all  runs  since  all  three  environments 
have  the  same  parameters  with  the  exception  of  the  two  frequency 
hoppers  that  on'y  '^ary  their  frequency  with  each  pulse.  Initial 
values  are  the  same. 

The  actual  number  of  emitters  that  are  in  the  main  memory 
file  for  each  run  are  in  table  3.  At  0.6  seconds  for  dFH,  the 
number  of  emitters  in  the  main  memory  file  is  listed  at  80. 
However,  the  actual  number  is  141  since  vhe  overflow  in  bins  34 
and  16  is  not  added  in.  The  current  sizes  of  those  two  bins  are 
6  and  29,  respectively.  These  two  values  must  be  subtracted  from 
the  printed  total  of  80,  and  48  must  be  added  to  the  resulting 
total  for  each  full  bin  to  get  the  correct  total.  The 
computation  will  be  80- (6  +  29 )+2*48 ,  which  is  141  emitters.  Of 
course,  the  nFH  environment  shows  the  total  number  of  emitters  in 
main  memory  as  50, 

Table  3  also  shows  values  for  the  percentage  of  match/NEA. 
The  figures  for  sFH  are  approximately  3%  less  than  that  for  nFH. 
The  dFH  environment  is  equivalent  to  sFH  until  the 
reconfiguration  at  0,7  seconds.  The  PRI  of  the  frequency  hoppers 
will  determine  how  quickly  main  memory  will  overflow;  as  it  is 
clear  that  the  emitter  in  bin  34  has  a  highter  PRI  than  the 
emitter  in  bin  16,  both  frequency  hoppers.  The  results  of  the 


Table  3.  Performance  as  a  Function  of  FREQUENCY  HOPPERS 


Run-Time 

1  FH=0 

sFH=2  j 

dFH=2 

Seconds 

1  (32,256) 

!  (32,256)  j 

(32,256) 

• 

RATE  OF  .Na^^ATCHES 

0.1 

2 

0 

2 

0.2 

1 

1 

1 

0.3 

0 

0 

0 

0.4 

0 

0 

0 

0.5 

0 

0 

0 

0.6 

0 

0 

0 

0.7 

0 

0 

637 

0.8 

0 

0 

841 

0.9 

0 

0 

866 

1.0 

0 

0 

860 

PERCEWTAGE  of  MATCH/N’EA 

0.1 

87. S 

85.1 

85.0 

0.2 

94.5 

9X.9 

91.8 

0.3 

96.4 

9^.8 

93.7 

0.4 

97.3 

94.6 

94.6 

0.5 

97.9 

95.1 

95.1 

0.6 

98.2 

95.4 

95.4 

0,7 

98.5 

95.7 

90.0 

0.8 

98.6 

95.8 

84.3 

0.9 

98.8 

96.0 

79.8 

1,0 

98.9 

96.1 

76.3 

^iU^ffiKR  OF  EMITTERS  IN  MH«RY  FILE 


0.1 

SO 

88 

88 

0.2 

SO 

117 

117 

0.3 

50 

130 

130 

0.4 

SO 

140 

140 

0.5 

50 

139 

139 

0,6 

50 

141 

141 

0.7 

50 

141 

141 

0.8 

50 

146 

147 

0.9 

50 

157 

159 

1.0 

50 

170 

174 

NEA  =  number  of  external  arrivals  (from  Receiver) 


sFH  environment  are  in  appendix  F.6,a. 

The  same  environment  was  run  as  a  static  environment  of  50 
emitters  and  2  frequency  hoppers  with  no  wraparound  since, 
.iaeally,  new  emitters  would  not  be  added  to  a  full  module  or  when 
a  moaule  Is  full,  a  search  to  detect  frequency  agile  emitters 
should  be  executed.  When  the  memory  module  is  full,  new  emitters 
and  UOA-drifting  emitters  are  not  added  to  the  file.  This  means 
they  will  not  be  loaded  into  the  CAH  for  match,  but  will  always 
appear  as  new  emitters.  They  will  be  passed  to  the 
ml croprocessor-array  for  entry  into  the  file  but  will  not  be 
loaded.  Thus,  the  only  indication  of  this  extra  arrival  activity 
win  be  the  increase  in  the  number  of  arrivals  to  the 
microprocessor-array  (NIA)  and  the  match  count.  The  difference 
in  hlA  for  sFH  and  the  non-wraparound  memory  environment  is  less 
than  1%  at  the  end  of  run-time;  however,  simulation  run-time  was 
only  1.0  seconds.  For  example,  at  1.0  seconds  for  sFH .  the  match 
count  is  15708  and  NIA  is  641  compared  to  15694  and  655  for  the 
static  memory  case  {no  wraparound).  One  of  the  main  differences 
in  the  two  runs  is  the  increase  in  the  nomatch  count  at  0.6 
seconds  for  the  static  memory  case  due  to  a  OOA  dri<^t  from  memory 
module  17  to  memory  module  16  at  the  end  of  0.5  seconds.  Since 
module  16  is  full-  the  emitter  data  is  transferred  out  of  module 
17  but  cannot  be  loaded  into  module  16  The  results  of  the  static 
memory  case  are  in  appendix  F.6.b. 

Obviously,  frequency  hoppers  in  the  environment  will  degrade 
the  system  considerably  if  there  is  no  provision  for 
identification  of  these  signals.  As  seen  above,  this  results  in 
memory  overflow,  and  if  reconfiguration  takes  place,  degradation 
of  performance  in  matching  incoming  signals  since  the  system  will 
not  adequately  catalog  the  environment. 


0.2.  LIST  Configuration 

Reconfiguration  of  the  LIST  dynamically  according  to  maximum 
and  minimum  PRI's  should  produce  the  best  performance,  based  on 
research  cited  earlier.  The  PRI  range  for  the  simulation  runs 
made  for  this  report  is  from  500  to  7900  microseconds.  Expected 
values  for  the  number  of  bits  shifted,  N  (shown  as  a  displacement 
of  2^),  and  the  number  of  bits  in  the  time-slot-window,  M  (shown 
as  2^,  representing  the  number  of  bins  in  the  LIST),  is  256  and 
32,  respectively. 

This  (M,N)  pair  was  derived  based  on  a  maximum  value  of  M 
being  7:  that  is,  a  maximum  of  128  modules  in  the  LIST  are 
allowed.  This  limit  was  placed  arbitrarily  to  limit  the  hardware 
cost  of  FIFO-ICs,  This  limit  and  the  resulting  (M,N)  pair  for 
the  above  environment  worked  well  for  a  total  number  of  emitters 
of  100. 

An  environment  of  300  emitters  was  run  with  both  static  and 
dynamic  configuration  using  256  and  32  as  the  input  parameters 
for  the  LISf  with  approxima cely  equa'i  results,  as  was  expected. 
This  same  environment  was  run  as  a  static  configuration  with  the 
number  of  bins  for  the  LIST  larger  than  the  requirement,  with  the 
values  of  M  and  N  still  satisfying  the  restrictions  (1)  H  <  [loga 
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PRIL]  and  {2)  M+M  >  [log2  PRIH3+1.  This  required  a  reduction  in 
the  number  of  bits  shifted:  the  offset  for  the  time-window. 

The  number  of  bins  was  increased  to  128.  the 
time-window-offset  was  reduced  to  64.  Using  the  percentage  of 
MOMATCH/MATCH  in  the  CAM  as  a  performance  measure,  this  value 
decreased  by  a  factor  of  17  from  the  (32,256)  configuration.  For 
the  (128,64)  configuration  at  8,0  seconds,  the  percentage  of 
nomatch/match  was  1.55  compared  to  26.2  for  the  (32.256) 
configuration.  See  table  4  for  results.  However,  when  this  LIST 
configuration  was  used  for  100  emitters,  performance  was 
degraded. 

One  explanation  for  the  improved  performance  is  that  the 
smaller  bin  size  due  to  the  larger  number  of  bins  in  the  LIST 
results  in  fewer  nomatches  In  the  CAM  due  to  avoiding  overwrite. 
The  CAM  is  loaded  from  a  bin  in  the  LIST  based  on  a  time-window, 
if  the  number  of  items  in  any  one  bin  is  large,  loading  the  CAM 
may  overwrite  data  that  has  been  updated  and  the  NTOA  of  that 
emitter  has  not  passed.  This  is  more  likely  to  happen  when  the 
number  of  emitters  in  any  one  bin  is  larger  than  or  equal  to  size 
of  the  CAM.  The  smaller  offset  to  the  time  window  will  require 
more  CAM  loads,  but  it  increases  the  likelihood  of  a  data  item 
being  matched  before  another  data  item  is  loaded  into  that 
register.  The  (128.64)  configuration  resulted  in  the  bin  size 
for  3U0  emitters  being  reduced  to  the  range  of  bin  sizes  of  the 
(32,256)  configuration  for  100  emitters. 

For  improved  performance,  a  large  number  of  modules  in  the 
LIST  should  be  used  whenever  the  expected  number  of  emitters  in 
the  environment  is  large.  For  dynamic  reconfiguration  to  be 
effective,  the  maximum  value  of  M  (i.e.,  M-max)  should  be  a 
function  of  the  expected  number  of  emitters  in  the  environment. 
Monitoring  both  the  PRI  and  the  maximum  size  of  the  LIST  bins, 
which  is,  in  turn,  dependent  on  the  number  of  emitters  (NE), 
should  result  in  optimum  performance  of  the  system.  In  other 
words,  reconfigure  the  LIST  according  to  PRI  and  LIST  size  (or 
NE).  with  the  limit  being  the  size  of  the  CAM. 

The  optimum  configuration  values  that  are  used  in  the 
simulation,  as  discussed  in  section  C.I.,  were  based  on  a  maximum 
environment  of  luu  emitters.  The  optimum  values  for  larger 
environments  were  not  calculated.  Still,  the  larger  value  for  M 
satisfies  the  condition:  2">maximum  PRI. 


D.3.  Associative  Processor  (AP) 

Data  is  loaded  into  the  CAM  during  the  same  time-slot  as  the 
emitter's  NTOA:  i.e.,  an  emitter  is  loaded  Into  the  CAM  in 
advance  of  its  NTOA  by  an  amount  of  time  less  than  or  equal  to 
the  size  of  the  time  slot  minus  the  delay  *n  the  LIST.  However, 
the  CAM  is  loaded  from  the  LIST  only  when  it  is  not  processing 
data  from  the  receiver.  The  NTOA  of  an  emitter  may  require  a  CAM 
load  during  this  period  of  processing.  If  the  processing  time 
for  data  from  the  receiver  results  in  current  time  greater  than 
the  NTOA  of  emitters  in  the  LIST,  this  will  result  in  nomatches 
in  the  CAM  due  to  late  loading  of  the  CAM  or  not  loading  a  data 
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Table  l».  PERCENTAGE  OF  NOMATCH/MMCH 


I - 

1  Nunber  of 

Run-Time 

- ! 

(32.256) 

(32,256) 

(32,256) 

(128,64) 

Br.itters 

!  Seconds 

MPT=.01 

I  CPf=0.5  ■ 

MPT=.01 

! 

! 

j  1 

.099  * 

.096 

i 

;  .016  = 

.609 

t 

} 

1  2 

.107 

.104 

.022 

.597  j 

! 

1 

:  3 

.119 

.116 

.031  : 

.559  1 

1  100 
j 

4 

.129 

.125 

!  .031  , 

.548  ; 

i  5 

.124 

.121 

1  .031  ; 

.535  : 

;  6 

.119 

.116 

.031  1 

.529 

!  7 

.118 

.115 

.027  ! 

.517 

:  8 

.113 

.110 

.027 

.516 

i  9 

.115 

.112 

i  .030 

.516 

!  10 

.127 

.125 

!  .038 

.515 

11 

.129 

.126 

I  .038 

.517  i 

« 

12 

.131 

.128 

■  .038 

.516  ' 

! 

\ 

i 

1 

(128,64) 

(128,64) 

MPT=.01 

(128,64) 

CPT=0.5 

(32,256) 

i 

\ 

1 

!  1 

1.43 

i  1.35 

.197 

24.7 

*  2 

1.44 

1  1.36 

.193 

25.5 

,  3 

1.46 

1  1.39 

:  .194 

25.8 

300 

4 

1.49 

!  1.42 

:  .204 

25.9 

5 

1.51 

i  1.44 

;  .222 

26.0 

6 

1.52 

i  1.45 

.231 

26.1 

j 

7 

1.53 

:  1.47 

i  .246 

26.1 

1 

8 

1.55 

1.48 

:  .251 

26.2 

LIST  SIZES 

Minimum*  Maximum 

300  Emitters 
(32.256) 

Seconds 

Run-Time 

100  Bnitters 
(128,64)  ,  MPT=.0l 

1 

5,10 

39,40 

2 

6,10 

40,50 

3 

7,10 

40,50 

4 

7,10 

41,50 

5 

7,11 

42,50 

6 

7,11 

42,50 

7 

7,11 

42,50 

8 

7,11 

43,50 

9 

7,11 

10 

7,11 

11 

7,11 

12 

7,11 

^smallest  maximum:  Also  see  Table  6  for  LIST  sizes 


item  from  that  module  in  the  LIST  because  the  time  window  has 
advanced  beyond  the  time  slot  of  that  module. 

In  order  to  determine  the  degree  to  which  CAM  processing 
time  degrades  the  performance  of  the  signal  sorter,  a  simulation 
run  with  CAM-manager  processing  time  (CPT)  set  to  .  05  was 
evaluated,  with  the  following  other  input  parameters: 

number  of  emitters  =*  300 

maximum  on-time  separation/luu  emitters  =  ,05  seconds 

simulation  run-time  =  1.0  seconds 

The  results  of  this  run  were  compared  with  a  run  in  which  all  the 
parameters  except  CPT  were  identical.  CAM  processing  time  in  the 
comparison  run  was  set  at  1.0  microseconds,  which  is  in  the  range 
of  current  technology.  See  table  5  for  the  results  from  each 
run. 

The  number  of  nomatches  in  the  CAM  dropped  by  a  factor  of 
approximately  100  from  1464  to  15.  The  buffer  to  the 
micro-processor  array  and  the  input  buffer  to  the  LIST  were 
reduced  by  a  factor  of  2.  Such  a  dramatic  reduction  in  nomatches 
indicates  that  either  a  reduction  in  CAM  processing  time  or  a 
change  in  loading  time  may  significantly  improve  the  performance 
of  the  signal  sorter, 

Consequently .  the  same  environment  parameters  were  used  in 
another  run  with  a  CAM  processing  rate  of  0.5  microseconds.  This 
rate  is  also  within  the  range  of  current  technology.  Table  5 
also  includes  results  for  100  emitters.  The  50%  reduction  in  CPT 
produced  an  improvement  in  performance  over  the  1,0  microsecond 
processing  time  by  a  factor  of  6  and  7  for  100  and  300  emitters, 
respecti vely . 

Since  larger  AP  processing  time,  in  some  cases,  results  in 
late  loading  of  the  CAM,  the  effect  of  loading  a  data  item  into 
the  CAM  in  advance  of  the  MTOA  also  requires  evaluation.  This 
will  be  discussed  in  section  0,4. 

As  long  as  the  size  of  any  bin  in  the  LIST  remcins  smaller 
than  the  size  of  the  CAM,  there  is  no  possibility  of  an  emittevs' 
parameters  being  overwritten  before  the  signal  is  matched  in  the 
CAM.  This  does  not,  however,  alleviate  the  problem  of  late 
loading  or  no  loading  of  an  emitter  before  the  MTOA  of  the 
emitters  signal.  (Loading  the  CAM  has  a  lower  priority  than 
processing  the  incoming  data;  therefore,  loading  is  performed 
between  arrivals.)  The  problem  of  late  loading  or  no  loading  has 
a  greater  effect  on  the  emitters  with  small  PRI.  A  modified  CAM 
structure  which  treats  these  small  .'’RI  emitters  differently  from 
other  emitters  was  analyzed  and  is  presented  below.  A  small 
section  of  the  CAM  was  aside  for  emitters  with  small  PRIs  to 
determine  the  effect  on  performance.  A  permanent  copy  of  the 
emitter  was  kept  in  the  CAM  to  avoid  the  delay  of  updating  and 
reloading  the  emitter.  This  would  result  in  a  miss  if  it  is 
larger  than  the  PRI  of  the  emitter.  The  reserved  section  of  the 
CAM  has  a  copy  of  those  emitters  with  PRI  less  than  a  specified 
minimum.  These  registers  will  not  be  overwritten  but  will  hold 
the  i)UA  and  frequency  of  the  arrivals  with  the  smallest  PRI  on  a 


Table  5.  CAM  Processing  Time  (CPT) 
in  Microseconds 


Ho.  Emitters  Advance  Load 
(LIST  Config)  Time  (ALT) 


Number  of  Nomatches 
CPT=.05  I  CPT=0.5  CPT^r.O 


100 

(32,256) 


micro- 


0 

0  micro- 


300 

(128,64) 


The  following  input  parameters  were  constant  in  all 


max  separation  between  on-times/100  emitters 
associative  pror-s^ing  time  in  microseconds 
array-processing  time  per  microinstruction 
number  of  CAM  registers 
run  time 


f1 rst-arri val  basis.  When  this  section  is  full,  all  other 
emitters  will  be  loaded  into  the  remainder  of  the  CAM  and  updated 
in  the  standard  manner. 

From  one  to  four  words  of  the  24  CAM  registers  were  reserved 
for  emitters  with  a  PRI  of  8UU  microseconds  and  less-  For  the 
particular  environment  run.  there  were  nine  emitters  with  PRI 
less  than  1001),  five  with  PRI  less  than  800.  For  a  maximum  PRI 
of  800  microseconds,  setting  aside  three  CAM  registers  resulted 
in  the  best  performance  over  that  of  the  no-reserve  CAM.  This  is 
a  better  performance  than  the  reserve  of  5  registers,  which  takes 
care  of  all  emitters  with  PRI  less  than  800.  For  results  of 
these  runs,  see  table  6. 

For  all  the  test  runs  with  the  reserve-CAM.  the  environment 
was  the  same.  Consequently,  the  only  performance  measure  that 
changed  was  the  number  of  nomatches.  All  other  output  parameters 
remained  the  same.  Table  7  contains  the  order  of  arrival  and  the 
PKls  of  emitters  with  PRI  less  than  1000. 

A  one-word  reserve  with  minimum  PRI  of  800  [PRI=642] 
resulted  in  one  less  nornatch  than  the  one-word  reserve  with 
minimum  PRI  of  600  [PRI=6uu].  While  the  opposite  is  expected: 
that  the  emitter  with  the  smallest  PRI  would  produce  the  better 
performance,  the  difference  is  very  slight.  Also,  for  nine 
reserved  words  and  a  minimum  PRI  of  1000,  the  performance  for  .  2 
second  run  is  the  same  as  that  for  no  reserved  words. 

It  appears  that  performance  with  a  reserved  CAM  section  not 
only  depends  on  the  number  of  small  PRI  emitters  in  the 
environment  but  also  on  the  combination  of  signals  that  are  seen 
at  any  one  time.  Over  the  long  run,  a  small  reserved-CAM  section 
may  improve  performance:  provided  that  the  maximum  size  of  any 
bin  in  the  LIST  does  not  exceed  the  number  of  CAM  registers, 
excluding  the  number  of  reserve-CAM  words.  A  reserved  section  of 
the  CAM  will  increase  the  amount  of  time  required  for  updating 
the  CAM  since  it  will  be  necessary  to  do  this  for  two  sections  of 
the  CAM;  the  reserved  section  must  be  checked  to  be  sure  all 
emitters  are  still  in  the  environment  and  if  the  DOA  or  frequency 
has  drifted.  The  small  and  uncertain  gains  in  performance  do  not 
warrant  a  change  at  this  time  when  other  improvements  may  produce 
larger  gains. 


0.4.  Advance  Load  Time  (ALT) 

The  Associative-processor  input  buffer  holds  data  items  that 
are  passed  to  the  CAM  from  the  receiver.  The  maximum  number  of 
emitters  in  this  buffer  at  any  one  time  can  dct  as  an  indicatior 

of  the  maximum  amount  of  time  a  CAM  load  may  be  delayed:  the 

product  of  the  size  and  the  CPT.  This  figure  does  not  take  into 
account  other  factors  such  as  fetch  time  for  a  new  data  item  from 
the  buffer,  but  it  can  act  as  a  barometer  for  determining  which 
range  of  value  for  advance  load  time  (ALT)  will  result  in  optimum 
performance. 

For  a  1.0  second  simulation  run  with  100  emitters,  the 

maximum  AP  buffer  size  was  3.  This  environment  was  run.  varying 


Table  6.  Reserved  CAM 


Run-Time 

Seconds 

H  CAM  Words 
Reserved 

Minimum 

PRI 

Number  of 
Ncmiatches 

0.2 

0 

— 

7 

0.2 

1 

800 

5 

0.2 

2 

800 

3 

0.2 

3 

800 

3 

0.2 

4 

800 

3 

0.2 

5 

800 

3 

0.2 

9 

1000 

7 

1.0 

0 

— 

36 

1.0 

1 

800 

33 

1.0 

2 

800 

32 

1.0 

3 

800 

26 

1.0 

4 

800 

27 

1.0 

5 

800 

28 

1.0 

1 

600 

34 

Table  7.  PRIs  for  Emitters  with  PR !< 1000 
by  Order  of  Arrival 


Order  of  Arrival  PRI 


1  6ii2 

2  ‘120 

3  5122 

^  {-59 

5  >28 

6  922 

7  618 

8  500 

9  9^3 


Input  parameters  for  data  In  tables  6  and  7 
100  emitters 

.05  separation  between  on-tlmes/100  emitters  In  seconds 
1.0  Associative  Processing  time  In  microseconds 
0.1  array-processlng  time  In  microseconds/microinstruction 
1.0  CAM  processing  time  In  microseconds 
24  CAM  registers 


the  ALT  of  an  item  Into  the  CAM  by  4,  8,  and  16  microseconds.  The 
best  performance  was  for  an  ALT  of  8  microseconds-  However, 
reducing  the  CRT  with  no  advance  load  gave  slightly  better 
results.  Of  course,  the  probability  of  overwriting  data  in  the 
CAM  is  increased  with  the  ALT  factor,  which  may  explain  the 
slight  decrease  in  performance.  An  ALT  of  8  microseconds 
produced  the  same  results  with  CRT  both  1.0  and  0.5  microseconds. 
Reducing  the  CRT  to  0.5  with  an  ALT  of  4  microseconds  brought  the 
nomatch  count  to  within  1  unit  of  the  configuration  with  no 
advance  load.  The  results  are  shown  in  table  5- 

For  300  emitters,  the  combination  of  ALT  and  0.5  CRT 
produced  the  best  results.  The  maximum  AP  buffer  was  4.  With 
CRT  set  at  0.5,  an  ALT  of  4  produces  a  slight  improvement  (4%) 
over  an  ALT  of  8.  The  smaller  ALT  may  overcome  the  effect  of  the 
CRT  delay  without  causing  much  CAM  overwrite.  Because  of  the 
larger  number  of  emitters  in  the  environment  and  clustering  of 
signals  at  times,  the  probability  of  overwrite  increases. 


D.5.  Variable  Environments 

Simulation  runs  with  the  same  number  of  emitters  in  the 
environment  generate  emitters  with  the  same  environmental 
characteristics.  The  random  values  generated  will  be  the  same 
for  any  run.  What  will  be  different  will  be  the  parameters  to 
which  the  values  are  assigned.  Since  each  emitter  has  the  same 
number  of  parameters  associated  with  it,  if  the  number  of 
emitters  in  the  environment  remains  the  same,  each  emitter  will 
be  reassigned  the  same  value  it  had  in  a  previous  run.  Varying 
separation  v<me  will  result  in  a  different  on-time  for  each 
emitter  but  the  same  value  of  DOA.  frequency  and  PRI  associated 
with  the  emitter  in  a  previous  run  will  be  assigned  in  a  new  run 
except  the  lOAs  will  differ  by  a  constant.  However,  varying  the 
number  of  emitters  in  an  environment  by  even  a  small  factor 
changes  the  environment  generated  because  the  random  numbers  will 
remain  in  the  same  sequence  but  the  parameter  to  which  each 
number  is  assigned  will  be  different  by  an  offset  related  to  the 
difference  in  the  number  of  emitters  in  one  environment  over 
another.  As  a  result,  a  value  (between  zero  and  one)  used  to 
calculate  the  RRI  of  an  emitter  for  a  lOU-emitter  environment  may 
now  be  used  in  a  calculation  for  frequency  in  a  300  emitter 
environment.  Varying  the  number  of  emitters  by  even  a  small 
amount  will  result  in  a  different  environment..  This  property  of 
the  simulation  program  could  be  used  to  generate  different 
environments  by  simply  varying  the  number  of  emitters  even  by 
one.  This  will  not  consititute  too  much  change  in  the  overall 
s^'^tem  workload  but  will  change  the  individual  parameters  of  the 
emitters  in  the  environment. 

As  an  example,  a  run  was  made  with  all  other  input 
parameters  equal  and  with  number  of  emitters  at  100  and  at  102. 
There  was  a  difference  in  the  environment  generated  and  a  slight 
difference  in  the  performance  of  the  system.  For  the  100-emitter 
environment,  the  minimum  frequency  for  an  emitter  was  5  with  a 
corresponding  PRI  of  7565.  while  for  the  102-emitter  environment, 
the  minimum  frequency  was  6  with  a  corresponding  PRI  of  6025. 
Minimum  PRI  for  both  runs  was  500  with  a  corresponding  frequency 
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of  3017  for  luu-emi tters  ana  2844  for  i02-emi tters .  A  table  of 
the  environment  generated  for  both  these  runs  is  in  appendix  F.4, 
and  includes  DOA,  frequency  and  PRI.  The  tables  are  sorted  by 
ascending  PRi  and  also  by  ascending  frequency. 

The  lUU-emitter  environment  outperformed  the  102-emitter 
environment  slightly,  with  nomatch/match  rate  being  0.099%  to 
0.112%.  Of  course,  for  the  102-emitter  envi ronnent,  the  number 
of  external  arrivals  to  the  signal  sorter  is  greater  for  the  same 
amount  of  processing  time  since  the  separation  time  remained 
constant.  This,  of  course,  increases  the  workload  on  the  system 
slightly,  as  can  be  seen  in  the  difference  in  the  number  of 
external  arrivals  to  the  system.  For  100,  it  is  36853,  and  36940 
for  102:  a  difference  cf  87  signals  within  one  second.  These 
results  indicate  that  the  performance  of  the  system  does  not  vary 
much  with  variations  in  the  individual  parameters  of  the 
emi tters . 


0.6.  Long-Run  Analysis 

Simulation  runs  were  made  for  100  and  300  emitters  to 
determine  the  performance  of  the  system  over  longer  periods  of 
time:  particularly  with  regard  to  LIST  sizes,  buffer  sizes  and 
rate  of  nomatches  over  the  length  of  the  run.  For  all  runs, 
unless  otherwise  noted,  the  following  parameters  were  used  as 
i nputs: 


Maximum  on-time  separation/luu  emitters  .05  seconds 

AP  time  in  microseconds  1. 

Array-processing  time/rai croinstruction 

in  microseconds  O.l  (MPT) 

CAM-manager  processing  time  in  microseconds  1.  (CPT) 
Number  of  CAM  registers  24 


Maximum  on-time  separation  is  the  amount  of  time  before  the  the 
total  number  of  emitters  in  the  environment  are  turned  on.  A 
hundred  emitters  are  turned  on  in  the  first  period.  If  the  the 
number  of  emitters  in  the  environment  exceeds  100,  the  next  100 
emitters  will  be  turned  on  in  the  next  period.  Thus,  for  300 
emitters  with  separation=.05.  100  emitters  will  be  turned  on  the 
first  .  05  microseconds,  the  second  100  emitters  will  be  turned 
on  between  .  05  and  0.1  microseconds  and  the  third  100  emitters 
will  ba  turned  on  between  0.1  and  0.15  microseconds.  The  standard 
LIST  configuration  for  100  emitters  will  be  the  dynamic  case  with 
an  initial  number-of-roodules/time-window-of fset  of  (32,256).  For 
300  emitters,  the  environment  will  be  run  as  the  static  case  with 
a  LIST  configuration  of  (128,64).  These  values  were  chosen  since 
they  produced  a  LIST  size  that  did  not  exceed  the  size  of  the 
CAM.  This  was  necessary  since  the  current  configuration  routine 
was  not  optimized  for  an  environment  in  which  the  number  of 
emitters  was  larger  than  100,  An  upper  bound  of  64  on  the 
maximum  number  of  modules  in  the  LIST  was  self-imposed. 
Simulation  results  have  shown  that  the  optimum  number  of  modules 
in  the  LIST  is  below  this  maximum  for  100  emitters.  This  is  not 
true  for  300  emitters. 


The  (128,64)  configuration  for  300  emitters  still  satisfies 


the  restrictions  on  the  (M.N)  pair  as  discussed  in  section  D.2 
LIST  Reconfiguration.  The  current  (128.64)  conf i gurati on  is 
approximately  equal  to  the  case  in  which  the  LIST  would 

dynamically  reach  that  configuration:  the  difference  being  the 
overhead  required  for  the  system  to  adjust  to  each  new  emittr  as 
!t  enters  the  environment  in  order  to  reach  th  (128,64) 

configuration.  This  would  happen  if  the  restriction  on  the 
number  of  LIST  bins  in  the  current  configuration  routine  are 
removed  and  if,  in  addition  to  configuring  base'*  on  the  maximum 
and  minimum  PRI.  the  size  of  the  LIST  bins  is  also  considered. 
Configuration  oased  on  PRI  distributes  the  emitters  over  the 
number  of  bins  in  the  LIST  while  the  check  on  the  LIST  bin  sizes 
produces  a  compatibility  in  CAM  size  and  LIST  bin  size:  i.e.. 

that  LIST  bin  size  does  not  exceed  te  number  of  CAM  registers. 

Six  configurations  were  run  with  time  restrictions  based  on 

overflow  in  main  memory.  For  300  emitters,  time  was  limited  to 

eight  seconds,  and  for  100  emitters,  time  was  limited  to  12 
seccrids.  The  six  configurations  chosen  for  the  longer  runs  were 
those  that  produced  the  best  results  in  prior  analyses.  Details 
for  each  are  as  follows: 

300  emitters  -  standard 

-  MPT=  0.01 

-  CPT=  0.5 
100  emitters  -  standard 

-  MPT=  0.01 

-  CPT=  0.5 


D.6.a.  ENVIRONMENT  MODEL;  SPECIAL  PROBLEMS 

The  environment  model  used  in  this  simulation  presented  a 
special  problem  for  nonstationary  environments  — environments  in 
which  the  signal  scrte**  and/or  emitters  were  mobile.  Because  of 
a  gremlin,  as  yet  undiscovered,  in  the  routine  that  updates 
environment  parameters,  there  is  a  DOA  drift  biased  toward  the 
first  antenna  in  bin-3.  As  result,  the  third  bin  of  the  main 
memory  module  for  storing  the  parameters  .of  emitters  with  a  DOA 
of  three  fills  up  more  quickly  than  others  and  results  in  an 
error  message  "MPPR  FILE  FULL"  and  system  halt  after  a  relatively 
short  run  time  (8  seconds  simulation  time  for  300  emitters,  20 
for  luo).  To  determine  the  degree  to  which  this  problem  due  to 
the  mobility  of  the  environment,  300  emitters  were  run  as  a 
stationary  environment;  this  is  not  a  practical  case  -  It  can 
never  happen  on  an  airborne  platform. 

When  a  300-emitter  environment  was  run  with  the  same  input 
parameters  as  the  one  mentioned  but  with  a  stationary  platform 
and  no  moving  emitters,  this  overflow  of  the  array-processor  did 
not  occur.  Of  course,  since  there  were  no  moving  emitters,  there 
were  no  DOA  changes  as  a  result  of  movement  from  one  DOA  cell  to 
another.  There  is  a  DOA  drift  that  is  a  result  of  a  frequency 
drift  and  can  be  traced  to  a  problem  cited  earlier,  that  of  two 
emitters  having  frequency  and  DOA  both  within  +1  of  each  other. 
This  resulted  in  the  emitter  being  moved  out  of  DOA  cell  48  and 
updating  the  .  emitter  in  cell  47.  the  adjacent  cell  that  matched 
its  parameters.  This  same  emitter  may  account  for  the  other 


DOA/f requency  drifts  that  occur  after  10  seconds  of  simulation 
run-time.  This  configuration  was  run  for  20  seconds  with  no 
overf 1 ow. 

Of  course,  this  environment  of  300  emitters  is  different 
from  the  standard  environment  (i.e.,  a  3U0-emitter  environment 
with  moving  emitters  and  platform).  The  difference  is  a  result 
of  the  number  of  calculations  using  the  random  number  generator, 
as  discussed  in  section  0.5.  In  this  case,  the  sequence  of 
random  numbers  will  be  offset  by  the  number  of  calculations 
required  to  produce  the  initial  values  and  updates  for  moving 
emitters.  This  environment  will  be  different;  in  addition, 
performance  could  also  be  slightly  affected- 

Compared  to  the  active  run  (moving  emitters  and  platform) 
nomatch/match  percentages  and  the  rate  of  nomatches  is  better  on 
the  order  of  approximately  200  and  300  percent,  respectively.  The 
rate  of  both  measures,  however,  continues  to  increase  over  time. 
The  results  of  this  run  are  in  appendix  F.5.  See  table  8  for 
percentage  of  nomatch/match  and  rate  of  nomatches. 

In  order  to  increase  run-time  without  a  file  overflow,  the 
the  maximum  size  of  a  bin  in  the  main  memory  f'le  was  increased 
from  24  to  48.  This,  consequently,  increasel  the  maximum  delay 
through  the  sv:tem  of  a  data  word  (MAX  in  the  statistical 
package).  A  la»*ger  memory  must  be  searched  for  each  nomatch. 
Hence,  delay  could  not  be  used  as  a  performance  measure. 

The  effect  on  nomatch  count  cannot  be  predicted.  However, 
the  probability  of  nomatches  due  to  environment  characteristics 
increases,  as  discussed  in  section  D.l.  One  simulation  run  of 
300  emitters  halted  after  a  run  of  14  seconds  with  304  emitters 
in  the  main  memory  file.  Each  main  memory  cell  had  been 
increased  to  a  maximum  of  48. 

The  large  number  of  emitters  in  the  same  00^  cell  increases 
the  search  time  in  that  module.  In  order  to  counteract  any 
effect  this  might  have  on  the  data  collected,  data  from  runs 
longer  than  one  second  simulation  time,  will  not  include  data 
generated  after  the  size  of  bin  three  exceeds  the  maximum  in 
other  bins  by  a  factor  of  two  (2). 

For  100  emitters,  the  maximum  run-time  will  be  approximately 
twelve  seconds  and  a  maximum  of  approximately  six  seconds  for  300 
emitters.  These  run  times  were  determined  empirically. 


D.e.b.  LIST  SIZES 

Outputs  of  the  statistical  package  which  are  useful  in 
evaluating  the  effectiveness  of  the  Associative-processing  stage 
of  the  signal  sorting  process  are  the  maximum  LIST  sizes  at  any 
one  point  in  time  and  the  actual  LIST  size  at  that  point.  The 
maximum  LIST  size  is  taken  as  the  largest  number  of  emitters  in 
any  one  bin  of  the  LIST.  The  value  will  not  be  the  same  in  all 
bins;  but  over  time,  the  other  bins  will  reach  this  maximum  as  a 
new  NTOA  is  generated  for  each  emitter  in  the  LIST.  Assuming 
this  value  is  the  maximum  number  of  emitters  that  need  to  be 
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Table  8.  300  Emitters  -  Stationary  Run  Performance 


Runtime  in  Seconds 

Percentage  of  Nomatch/Match 

Rate  of  Nomatch/Second 

1 

.59 

566 

2 

.60 

648 

3 

.60 

628 

k 

.60 

624 

5 

.61 

686 

6 

.62 

67' 

7 

.62 

680 

8 

.62 

658 

9 

.63 

700 

10 

.65 

710 

11 

.63 

687 

12 

.63 

677 

13 

.bk 

722 

U 

.64 

665 

15 

.64 

689 

16 

.64 

687 

17 

.65 

847 

18 

.66 

840 

19 

.66 

839 

20 

.67 

843 

No  moving  emitters,  stationary  platform 
Other  input  parameters: 

.05  Separation  Time 
1.0  Assoc  Proc  Time 
0.1  Mpp  Proc  Time/Microinstr 
0.5  Cam  Proc  Time 
2h  Cam  Registers 
128,61»  LIST  Config 


loaded  into  the  CAM  durinci  any  one  time  slot,  if  this  number  is 
larger  than  the  CAM  size,  nomatches  will  result  from  not  being 
able  to  load  all  the  data  items  into  the  CAM  in  time  for  a  match. 

For  the  environment  with  3U0  emitters,  the  maximum  value  in 
any  bin  of  the  LIST  was  22,  which  is  slightly  less  than  the 
number  of  CAM  registers  (24).  This  oeak  was  reached  at  one 
second  and  did  not  increase  over  the  eight  second  simulation 
run.  However,  the  maximum  in  all  bins  did  increse  as  emitters 
moved  into  different  time  slots  for  their  NTOA.  as  was  expected. 
The  smallest  was  12  and  increased  to  14  by  eight  seconds-  See 
table  9  for  LIST  sizes  for  these  runs:  minimum  and  maximum 
values.  For  100  emitters  ,  the  maximum  reaches  22  at  3  seconds  of 
simulation  run-time  and  remains  at  that  value  until  12  seconds, 
when  it  increases  to  23.  This  increase  may  be  attributed  to 
clustering  of  signals  at  that  point.  Only  one  bin  in  the  LIST  was 
incremented.  Judging  from  the  length  of  time  the  maximum 
remained  at  22,  maximum  Li*'  size  should  remain  stable  over  time 
for  a  constant  environment.  It  should  also  be  kept  i'  mind  that 
this  is  the  maximum  value  reached. in, a  particular  bin  for  the 
length  of  the  run  and  does  not  reflect  the  average  size  of  a  bin 
for  the  length  of  a  run. 


D.6.C.  BUFFER  SIZES 

The  statistical  package  includes  output  for  the  maximum  size 
of: 


1.  the  input  buffer  to  the  CAM  (data  from  receiver) 

2.  the  input  buffer  to  the  array-processors  (MPPB) 

3.  the  input  buffer  to  the  LIST  (MLCAMB) 

For  all  six  runs,  the  maximum  sizes  of  these  buffers  do  not 
increase  significantly  over  the  length  of  the  run,  as  shown  in 
table  10.  Increases  in  any  buffer  size  are  directly  proportional 
to  a  large  increase  in  the  rate  of  nomatches  at  that  point  in 
time  (table  11).  For  example,  for  emitters  with  CPT  set  at  0.5. 
the  increase  in  MPPB  and  MLCAMB  at  five  seconds  is  reflective  of 
the  increase  in  the  rate  of  nomatches  at  five  seconds.  The  data 
stream  going  into  the  array-processor's  input  buffer  and  the  data 
stream  out  cf  the  array-processors  into  the  LIST  is  determined  by 
the  effectiveness  of  the  CAM  match  process. 

For  luu  emitters,  the  increase  in  the  CAM-buffer  at  ten 
seconds  may  be  indicative  of  an  increase  in  the  number  of  signals 
coming  from  tne  receiver  due  to  a  clustering  of  emitters  with 
very  close  HTOAs.  As  a  result,  there  is  a  significant  increase 
in  the  rate  of  nomatches  at  that  time  from  approximately  50  to  90 
for  the  dynamic  cases, 

ine  fairly  constant  size  of  these  buffers  indicates  that  the 
speeds  of  the  CAM-match,  array-processor  update,  and  LIST  loading 
are  sufficient  to  keep  up  with  the  data  rate  of  the  environment. 
Decreasing  the  CPT  had  no  effect  on  the  CAM  input  buffer;  hence. 
CPT  at  1.  microsecond  is  adequate  to  handle  the  data  rate.  The 
reduction  apparently  was  only  necessary  for  adequate  time  to  load 
the  CAM  from  the  LIST.  Decreasing  MPT  resulted  in  a  reduction  in 
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Table  9*  LIST  Sizes:  Minimumv  Maximum 


-)  ' 


No.  Emitters 
(LIST  Config.) 

Run-Time 

Seconds 

Standard 

MPT=.01 

- j 

!  CPT=0.5  I 

1 

J 

1 

1  1 

15,21 

15,20 

j  15,20 

•  1 

i  * 

2 

16,21 

16,21 

i  16,21 

3 

17,22 

1  17,22 

1  17,22 

; 

4 

tt 

i 

i  It 

i 

g 

tt 

i  " 

100 

(32,256) 

6 

7 

18,22 

tf 

i  18,22 

:  It 

1  ” 

!  18,22 

It 

8 

tt 

i 

!  It 

9 

tt 

i  " 

i 

10 

I 

!  ** 

tt 

» 

! 

1 

i  ** 

1 

12 

!  18,23 

]8.23 

18,23  i 

i 

1 

1  12,22 

12,22 

i  12,22  j 

: 

2 

1  13,22 

13,22 

:  13,22  i 

1  300 

3 

4 

'  14,22 

i  " 

14,22 

tl 

i  14,22  1 
1  "  1 

(128,64) 

i 

*  tt 

( 

i  ” 

!  6 

•  tt 

!  " 

1  It 

1  7 

1  *• 

'  It 

It 

1 

i  8 

1  ti 

tl 

It 

*Minimum  represents  smallest  maximum 
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the  input  buffer,  as  was  expected,  since  the  processing  time  for 
each  data  item  was  leducea  by  a  factor  of  ten  (table  10).  This 
did  not  result  in  a  significant'  reduction  in  the  rate  of 
ticmatches  over  the  standard  p'ocessing  time.  The  0.1  microsecond 
processing  time  is  apparently  sufficient  for  the  two 
envi ronments . 


D.6.d.  Rate  of  Nomatches 

The  rate  of  nomatches  per  second  can  act  as  a  barometer  for 
determining  if  a  steady  state  of  the  system  for  a  particular 
environment  has  been  reached;  i.e.,  there  is  no  steady  increase 
in  this  rate.  For  the  100  emitter  environment,  the  nomatch-rate 
fluctuates  over  the  length  of  the  run,  but  it  does  not  appear  to 
be  increasing.  There  is  a  dramatic  jump  in  the  nomatch-rate  at 
10  seconds,  which  may  be  a  result  of  a  clustering  of  signals  at 
that  point  or  an  anomaly  in  the  environment  generator.  However, 
all  other  values  remain  within  a  constant  range  for  the  duration 
of  the  run;  i.e..  a  steady  state  has  been  reached.  For  300 
emitters  with  GPT=0.5,  the  nomatch-rate  seems  to  be  stabilizing 
at  approximately  5  seconds  of  run-time.  For  the  two  other  cases, 
the  rate  is  increasing-  It  will  require  longer  run-times  in  all 
three  cases  to  determine  if  a  steady  state  has  been  reached. 
This  was  not  possible  with  the  run-time  restrictions  (see  section 
D.6«a. ). 

The  parameter  that  produced  the  most  significant  improvement 
in  the  rate  of  nomatches  was  the  reduction  in  CPT,  as  was 
discussed  in  section  D.3.  This  was  true  for  both  environments. 
This  did  result  in  an  increase  in  the  nput  buffer  to  the  array 
processors  but  this  could  be  remedied  by  also  increasing  the 
array-processor  speed.  It  is  found  that  increasing  the 
array-processor  speed  will  not  significantly  decrease  the  rate  of 
nomatches,  but  it  will  decrease  the  size  of  the  buffer  since  data 
item?,  are  being  processed  more  quickly. 


E.  Conclusions 

Since  the  primary  purpose  of  the  research  discussed  in  this 
report  was  to  study  the  applicability  of  dynamic  tuning  to  a 
particular  signal  sorting  system,  the  emphasis  of  the  work  done 
has  been  on  the  Associative  Processing  stage  of  the  signal  sorter 
design.  The  Array  Processors  also  come  into  play  since  all  new 
data  and  all  unmatched  data  are  passed  to  this  stage.  The 
parameter  which  produces  the  best  improvement  in  performance  is 
reduction  of  the  CAM  processing  time,  which  is  the  amount  of  time 
required  to  mctch  a  received  signal  to  a  data  item  in  the  CAM. 
This  operation  takes  precedence  over  loading  the  CAM  with  new 
data  or  updated  dntc;  consequently,  data  may  not  get  loaded  into 
the  CAM  in  time  for  a  match  on  the  incoming  signal.  Making  the 
CAM  processing  time  as  small  as  current  technology  will  allow, 
will  decrease  the  amount  of  time  that  signals  are  missed  only 
because  there  was  no  time  during  the  gap  between  CAM  searches, 
in  fact,  of  all  parameters  tested,  CAM  Processing  has  the 
greatest  effect  on  the  system,  as  was  seen  by  reducing  this  speed 
to  .  Ob  microseconds,  which  Js  not  in  the  range  of  current 
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technology.  However,  reducing  the  speed  from  0.1  microseconds  to 
0.5  microseconds  resulted  in  an  improvement  of  performance  by  at 
least  a  factor  of  six  (6)  as  measured  by  the  match/nomatch  rate. 
So  the  greatest  handicap  to  the  system  is  getting  data  loaded 
into  the  CAM  in  time  for  the  NTOA  of  a  signal. 

Some  consideration  was  given  to  loading  data  items  into  the 
CAM  in  advance  of  the  MTOA  by  some  constant  time  value  in  an 
effort  to  offset  late  loading  or  no  loading  of  the  CAM  due  to  CAM 
search  time.  The  results,  in  section  b.4.  appeared  to  be  too 
dependent  on  the  environment  to  produce  consistent  results  over 
the  long  run-  Also,  better  results  were  obtained  by  reducing  the 
CAM  processing  time. 

Another  aspect  of  the  Associative  Processing  stage  is  the 
reconfiguration  of  the  LIST  based  on  the  environment  only  in 
terms  of  PRI.  Since  the  optimal  table  for  reconfiguration  was 
based  on  a  100  emitters  environment,  dynamic  configuration  for  a 
more  dense  environment  does  not  produce  a  satisfactory 
performance  level  when  the  number  of  expected  arrivals  in  any  one 
bin  of  the  LIST  exceeds  the  size  of  the  CAM,  Of  course,  this 
would  only  require  a  minor  change  and  would  take  a  slighlty 
longer  time  for  reconfiguration  due  to  the  amount  of  time  to 
check  the  size  of  the  LIST  bins.  It  would  require  an  increase  in 
the  maximum  number  of  bins  required  from  64  {?.6)  to  128  (27). 
The  maximum  number  of  bins  in  the  current  configuration  tables  is 
64. 


With  regard  to  FIFO  and  RAM  implementation  of  the  LIST, 
shortly  after  the  investigation  of  the  FIFO-RAM  (section  C.l.b), 
Signetics  announced  the  development  of  a  controller  chip  which 
converts  RAM  to  FIFO  buffer  memory.  A  single  controller  chip  can 
handle  up  to  4096  buffer  words.  Word  width  is  defined  by  the 
user.  Consequently.  FIFO  depth  could  be  64.  256.  1024  or  4096.5 

The  Array  Processors  handle  data  not  matched  in  the  CAM  by 
doing  a  between  limits  search  on  the  DOA  and  frequencies  of 
emitters  in  its  file.  This  presents  a  problems  only  when  two 
emitters  in  adjacent  DOA  bins  have  frequencies  within  +one  of 
each  ether  because  the  emitter  may  be  matched  on  the  wrong 
signal,  in  which  case  it  will  be  updated  based  on  the  wrong  PRI. 
Unfortunately,  there  is  no  simple  ',lution  to  this  this  problem. 
The  main  memory  file  can  be  searched  for  other  signals  that 
satisfy  the  match.  If  there  is  more  than  one.  the  signal  should 
not  be  updated  but  held  until  another  unmatched  signal  with  the 
same  parameters  is  received.  Then  the  signal  can  be  matched  to 
the  main  memory  file  based  on  DOA,  frequency  and  PRI.  The 
frequency  and  the  probability  of  these  nomatches  may  not  warrant, 
the  extra  time  required  for  the  memory  search  and  the  extra 
hardware  required  for  the  match. 

Exotic  emitters  such  as  frequency  hoppers  will  greatly 
degrade  the  system  configuration  presented  here  unless  there  is 
some  algorithm  for  detecting  these  signals.  Otherwise,  each 
signal  will  appear  to  be  a  new  signal  and  get  loaded  into  main 
memory  each  time  the  signal  appears.  This  will  result  in  filling 
up  a  main  memory  module  and  prevent  loading  of  other  signals, 
resulting  in  nomatches  and  perhaps  system  halt.  This  will  also 


result  in  reduced  efficiency  in  processing  other  emitters  that 
are  in  that  module.  In  the  case  where  the  main  memory  file  is 
allowed  to  wraparound,  tne  environment  PKIs  may  not  be  adequately 
detected  and  this  will  affect  LIST  configuration. 

Overall,  the  particular  signal  sorter  design  studied  here 
exhibits  a  steady  performance  for  a  100  emitter  environment,  for 
Sou  emitters,  longer  runs  arc*  required  to  determine  if  a  steady 
state  has  been  reached.  With  the  changes  discussed  above,  the 
performance  of  the  system  can  be  improved,  particularly  with  a 
reduction  in  CAM  Processing  time.  Further  study  can  be  done  on 
the  performance  of  tne  array-processors  and  on  performance  of 
denser  environments  over  longer  runs. 
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APPENDICES 


Appendix  F.l.  Minimum  and  Maximum  Values  for  Emitter  Parameters 


Each  emitter  is  identified  by  the  following  parameters 
which  are  stored  in  a  parameter  array,  one  for  each  emitter. 
See  Figure  1  in  section  B.l  for  the  order  in  which  these 
parameters  are  stored.  This  table  includes  the  maximum  and 
minimum  values  for  each  parameter. 


EMITTER  PARAMETER 

X  Displacement  of  Emitter 
and  Signal  Sorter 

Y  Displacement  of  Emitter 
and  Signal  Sorter 

Z  Displacement  of  Emitter 
and  Signal  Sorter 
Emitter  Power  (includes 
antenna  gain) 

Mainlobe  Size 
Sidelobe  Loss 
Initial  Antenna  Angle 
Antenna  Angle 
Scan  Rate 
PRI 

Pulse  Width 
Frequency 
On  Time 
Off  Time 

TOA  of  pulse  at  Antenna 
DOA  of  pulse  at  Antenna 
X  Velocity  of  Signal  Sorter 

Y  Velocity  of  Signal  Sorter 
Z  Velocity  of  Signal  Sorter 


MINIMUM 

MAXIMUM 

2000  m 

22000  m 

-22000  m 

22C00  m 

0  m 

1000  m 

30  db 

80  db 

.09 

.32 

15  db 

30  db 

0 

— 

-1.5  radians 

1.5  radians 

.5  Hz 

2  Hz 

500  microscs 

7900  microscs 

1  microscs 

4  microscs 

2*109  Hz 

12*10^  Hz 

0  secs 

max.  sep.  time 

..... 

Runtime 

On  Time 

360 

-300  m/sec 

300  m/sec 

-300  m/sec 

300  m/sec 

0 

- - 

— ~  indicates  that  the  value  is  not  applicable  to  the  parameter. 


F.2.  Statistical  Pack^.c<e 


For  the  purpose  of  comparino  simulation  runs  and  to 
determine  the  state  of  the  system  for  particular  runs,  pertinent 
data  is  output  by  the  STATS  subroutine  at  specified  intervals. 
Subroutines  with  the  Q-prefx  are  used  to  output  data  concerning 
queue  lengths  of  the  various  buffers  and  tables  analysing 
averages  for  various  parameters  of  the  system.  The  information 
from  these  routines  can  be  used  to  determine  the  system  workload 
for  any  particular  environment  and  run-time. 

Queue  analyses  include  histograms  for  maximum  queue  lenght 
during  the  time  interval  data  is  collected,  minimum  and  maximum 
values  of  the  queue  and  the  length  of  time,  maximum  and  minimum, 
that  these  values  were  true.  For  all  tables  generated,  the  sum, 
average,  maximum,  minimum  ana  total  frequency  of  the  arguments 
are  calculated.  For  a  sample  of  both  a  table  and  a  histogram/ 
table  from  these  routines,  see  tables  2.1  and  2.2. 

tXHLANATION  OF  OUTPUT  VARIABLES  -  QTABLES: 

TIMING  GATE  -  period  during  which  queue  statistics  are 

col  1 ected 

FIRST  ARRIVAL  -  time  of  arrival  of  first  emitter  on  which  data 

is  collected 

LAST  ARRIVAL  -  time  of  arrival  of  last  emitter  on  which  data 

is  collected 

SUM  OF  ARC'S  -  total  of  all  data  collected  for  a  particular 

parameter,  e.g.  PRIs 

AV'G  OF  ARC'S  -  SUM  OF  ARG'S/TOTAL  FREQUENCY 

TOTAL  FREQ  -  number  of  times  a  parameter  is  observed 

MINIMUM  ARG  -  smallest  parameter  observed 

MAXIMUM  ARG  -  largest  parameter  observed 

UPPER  LIMIT  -  for  other  than  the  upper  boundary,  this  value 

is  the  range  less  than  the  pre'*-'  ^  value  and 
less  than  or  equal  to  the  cur  e  t  'lue;  the 
upper  boundary  also  includes  .hat  is 

greater  than  the  current  value 

UBSV  FREQ  -  the  number  of  times  the  parameter  was  in  the 

range  of  the  UPPER  LIMIT 

%  UF  TOTAL  -  percentage  of  TOTAL  FREQ  that  the  parameter 

was  in  th'>  range  of  the  current  UPPER  LIMIT 
CUM.  't,  -  percentile  of  TOTAL  FREQ  that  parameters  are 

in  rangv.-  of  the  current  UPPER  LIMIT  and  less 
DELTA-T  -  minimum  and  maximum  amount  of  time  that  the 

queue  remained  a  constant  size 
DELTA-T:  MINIMUM  -  the  shortest  time  interval  for  the  queue 

length  specified  by  Q-LEN 

DELTA-T:  MAXIMUM  -  the  longest  time  interval  for  the  queue  length 

specified  by  Q-LEN 

DELTA-T:  TIME  -  time  at  which  the  queue  remained  at  size  Q-LEN 

for  the  specified  DELTA-T 

Q-LENGTH  -  minimum  and  maximum  size  of  the  queue 

Q-LEN:  DELTA-T  -  the  period  of  time  during  which  the  queue 

remained  at  the  specified  size 
-  time  at  which  the  queue  reached  the  specified 
size 


Q-LEN:  TIME 


liee  table  2.3  for  a  sample  listing  from  the  STATS 
subroutine.  Output  Includes  the  maximum  number  of  emitters  in 
each  bine  of  main  memory.  In  addition  to  the  current  size; 
maximum  number  of  emitters  that  were  in  any  bin  of  the  LIST  at 
one  time,  and  current  LIST  sizes;  and  the  total  and  average 
contents  cf  the  LIST  for  each  printing.  The  total  number  of 
emitters  in  the  main  memory  file  should  be  equal  to  the  number  of 
emitters  in  the  environment,  unless  an  emitter  changes  DOA  or 
frequency  outside  the  expected  range.  In  that  case,  the  emitter 
would  appear  as  a  new  emitter,  and  would  be  entered  In  the  file 
as  such. 

EXPLAMATIOfi  Or  OOTouT  VARIABLES  -  STATS; 


NMCHT 

MCMT 

MAX 

CAMB 

MPPB 

MTIME 

hCWL 

MLCAM8UF 

lOOAU 

ICFd 

NBA 

MIA 


if:LT2 

INLT3 


-  number  of  nomatches  in  the  CAM  not  due  to  DOA  or 
frequency  drift;  strict  nomatches 

-  number  of  emitters  matched  in  the  CAM 

-  maximum  delay  through  the  system  of  a  data  word 

-  maximum  size  of  the  input  buffer  to  the  associative- 
processor  (output  from  receiver  for  CAM  match/nomatch) 

-  maximum  size  of  the  Input  buffer  to  the  micropro¬ 
cessor-array  input  buffer  .1 

-  time  at  which  MAXimum  delay  occurred  ; 

-  number  of  words  loaded  into  the  CAM  ■ 

-  maximum  size  of  the  output  buffer  from  t^e  M-A 

-  nomatches  due  to  DOA  drifts  within  +-1  < 

-  nomatches  due  to  frequency  drifts  within! +-1 

-  number  of  external  arrivals:  data  passed  to  the  CAM 
from  the  receiver  system 

-  number  of  internal  arrivals:  data  passed  to  the  M-A 
due  to  nomatch  in  the  CAM,  Includes  new  emitters,  DOA 
and  frequency  drifts  (all  nomatches) 

-  number  of  updates  in  the  file  for  drifting  parameters 

-  number  of  updates  in  the  file  with  no  drift 


Table  F.2.1.  Statistical  Package  Output 


."^BLE  4  AVERAGE  PRI  OF  100  EMITTERS 

i 


.  TIMING 

gate  -t - 

FIRST 

LAST 

ON 

OFF 

ARRIVAL 

ARRIVAL 

O.OOOOOE+00 

O.llOOUE+UU 

U.1UUUUE-U4 

0.1UUUUE-U2 

SUM  UK 

AVERAGE  OF 

TOTAL 

MINIMUN 

MAXIMUM 

ARGUMENTS 

ARGUMENTS 

FREO 

ARGUMENT 

ARGUMENT 

0.42279E+00 

0.42279E-U2 

100 

0.bOOUU£-U3 

u.7yuouE- 

Ul'PER  LIMIT 

OBSV.  FREQ 

%  01  i.'TAL 

0.00000 

U 

J.OU 

0.00020 

0 

0.00 

0.00040 

0 

o.ou 

0.00060 

1 

i.oe 

0.00080 

4 

4.00 

0.00100 

3 

3.00 

0.00120 

1 

1.00 

0.00140 

5 

5.00 

0.00160 

2 

2. 00 

0.00180 

2 

2.00 

0.00200 

0 

0.00 

0,00220 

2 

2,00 

0.00240 

3 

3.06 

0.00260 

4 

4.00 

0.00280 

2 

2.00 

0.00300 

L 

2.00 

0.00320 

2 

2.00 

0.00340 

3 

3.00 

0.00360 

2 

2.00 

0.00380 

5 

5.00 

0.00400 

2 

2.00 

0.00420 

0 

0.00 

0.00440 

3 

3.00 

0,00460 

3 

3.00 

0.00480 

3 

3.00 

0.00500 

4 

4.00 

0.00520 

5 

5.00 

0.00540 

5 

5.00 

0.00560 

2 

2.00 

0.00580 

7 

7.00 

0.00600 

1 

1.00 

0.00620 

3 

3.00 

0.00640 

2 

2.00 

0.00660 

3 

3.00 

0.00680 

2 

2.00 

0.00700 

3 

3.00 

0.00720 

0 

0.00 

0.00740 

3 

3.00 

0.00760 

3 

3.00 

0.00780 

0 

0.00 

0.00800 

3 

3.00 

.  REMAINIMG  FREQUENCIES  ALL  ZERO 


CUM.  % 
U.UO 
0-00 
o.uo 
1.00 
5.00 
8.00 
9.00 
14.00 
16.00 
18.00 
18.00 
20.00 
23.00 
27.00 
29.00 
31.00 
33.00 
36.00 
38.00 
43.00 
45.00 
45.00 
48.00 
51.00 
54.00 
58.00 
63.00 
68.00 
70.00 
77.00 
78.00 
81.00 
83.00 
86.00 
88.00 
91.00 
91.00 
94.00 
97.00 
97.00 
100,00 


Table  F.2.2.  Statistical  Package  Output 


TABLE  2  MICROPROCESSORS  BUFFER  (LMISIZ) 

\ 

- - TIMING  GATE .  FIRST  LAST  TOTAL 

ON  OFF  ARRIVAL  ARRIVAL  TIME 

O.UUUOOE+OO  O.llOOOE+01  O.OOOOOE+00  0.9yyy2E+UU  0.yyyy2E+00 

. DEl.TA-T . DELTA-T . 

MINIMUM  Q-LCN  TIME  MAXIMUM  Q-LEN  TIME 

O.OOOOOE+OO  0  O.OOOOOE  +  00  0.58047E-01  1  0.219iyF.  +  00 

. Q-LENC)TH . Q-LENGTH . 

MIN  DELTA-T  TIME  MAX  DELTA-T  TIME 

0  O.OOOOOE+OO  O.OOOOOE+OO  4  0.52201E-04  0.19813E-01 


SUM  OF  AVERAGE  OF  TOTAL 

LE..GTri*TlME  LENGTH*TIME  FREQ 
0.10021E+01  0.10022E+01  2022 


UPPER  LIMIT 

OBSV.  FREQ 

%  OF  TOTAL 

CUM.  % 

U 

947 

46.83 

46.83 

1 

luou 

49.4b 

96.29 

2 

62 

3.07 

99.36 

3 

11 

0.54 

99.90 

4 

2 

U.IU 

100.00 

REMAINING  FREQUENCIES  ALL  ZERO 
MAXIMUM  Q-LENGTH  DURING  TIME  INTERVAL 


O.OOOOOE+OO 

0 

0.50000E-01 

************************** 

4 

O.IOOOOE+OO 

************* 

2 

0.15000E+00 

****** 

1 

0.20000E+00 

****** 

1 

0.25000E+00 

****** 

1 

0.30000E+00 

****** 

1 

0.35000E+00 

****** 

1 

0.40000E+00 

****** 

1 

0.45000E+00 

****** 

1 

0.50000E+00 

****** 

1 

0.55000E+00 

*>.■**  *  * 

1 

0.60000E+0U 

****** 

1 

U.650UUE+0U 

****** 

1 

0.70000E+00 

****** 

1 

0.75000E+UO 

************* 

2 

.  U.8UUUUE+UU 

****** 

1 

U.85U00E+00 

************* 

2 

.'-O.90000E+00 

K************ 

2 

“  J0.95000E+00 

************* 

2 

O.IOOOOE+Ul 

****** 

1 

>  REMAINING  FREQUENCIES  ALL  ZERO 


F.2.i 


Table  F.2.3.  Statistical  Package  Output 


APRI=  0.42279E-02 


TIME  =  l.OU  SEC.  (PRINT  iNCR=  1.000)  •' 

Nt<!CNT=  6  MCNT=  36482  ^MAX=  364  CAtdB=  3  MPPB=  4 

MTIME=  0.020068  NCWL=  30639  MLCAKBUF=  3  IOOAO=  49 
1CF0=  0  NEA=  36853  NIA=  370  INLTi=  0  INLT2=  51  INLT3=  104 

0231232213353521 
3322242231022112 
3215211342100  0’  34 

4322410420100000 
MAIN  MEMORY  SIZES: 

OU312212032  .3  3420 

32  2  1241221022111 

3204201241100013 
43124103201000  0  0 

TOTAL  EMITERS  IN  MPPR=100 
17  16  17  16  17  17  17  18  17  18  16  17  20  15  16  17 
15  16  17  20  17  21  16  17  18  16  17  18  16  18  17  18 
LIST  SIZES: 

^0078676356752344 
)  5322331103000100 
r^OTAL  CONTENTS*  97  AVERAGE  CONTENTS*  3.03 


APPENDIX  F.3. 


Emitter  Environment  -  300  Emitters 


The  following  table  contains  the  DOA.  frequency  and  PRl  values 
for  an  environment  of  300  emitters.  The  list  is  sorted  by 
frequency.  The  environment  contains  no  exotic  emitters.  These 
are  the  values  for  all  300  emitters  immediately  after  all 
emitters  have  been  turned  on. 


mod  #  -  module  in  main  memory  which  corresponds 
to  the  DOA  of  an  emitter, 
item#  -  order  of  the  item  in  the  main  memory 
module.  For  instance,  if  mod  #  is  14 
and  item#  is  6,  the  emitter  was  the 
sixth  emitter  to  be  entered  into  that 
module. 

freq  -  frequency  of  the  emitter  in  Hz 
pri  -  pulse  repetition  interval  of  the 
emitter  in  microseconds 


mod 

# 

36 

i  tern# 

2 

freq 

5 

pri 

6025 

mod 

# 

55 

i  tern# 

4 

freq 

25 

pri 

5476 

mod 

# 

61 

i  tem# 

1 

freq 

27 

pri 

4451 

mod 

# 

20 

i  tem# 

7 

freq 

72 

pri 

7623 

mod 

# 

18 

i  "em# 

4 

freq 

72 

pri 

2931 

mod 

# 

58 

■i  .am# 

3 

freq 

78 

pri 

4317 

mod 

# 

41 

i  tem# 

5 

freq 

90 

pri 

5546 

mod 

# 

9 

i  tem# 

5 

freq 

147 

pri 

1065 

mod 

# 

21 

i  tem# 

3 

freq 

158 

pri 

7900 

mod 

# 

5 

i  tem# 

1 

freq 

166 

pri 

52b7 

mod 

# 

38 

i  tem# 

2 

freq 

168 

pri 

4906 

mod 

# 

14 

i  tem# 

6 

freq 

170 

pri 

6946 

mod 

# 

4 

i  tem# 

4 

freq 

182 

pri 

3406 

mod 

# 

56 

i  tem# 

4 

freq 

207 

pri 

2434 

mod 

# 

46 

i  tem# 

6 

freq 

209 

pri 

4393 

mod 

# 

14 

i  tem# 

4 

freq 

228 

pri 

7204 

mod 

# 

36 

i  tem# 

5 

freq 

241 

pri 

5405 

mod 

# 

31 

i  tem# 

2 

freq 

247 

pri 

5079 

mod 

# 

37 

i  tem# 

1 

freq 

252 

pri 

2975 

mod 

# 

8 

i  tem# 

1 

freq 

279 

pri 

6103 

mod 

# 

3 

i  tem# 

1 

freq 

281 

pri 

7096 

mod 

# 

53 

i  tem# 

4 

freq 

315 

pri 

7490 

mod 

# 

15 

i  tem# 

2 

freq 

319 

pri 

1755 

mod 

# 

50 

i  tem# 

2 

freq 

325 

pri 

5149 

mod 

# 

21 

i  tem# 

4 

freq 

363 

pri 

1824 

mod 

# 

34 

i  tem# 

2 

freq 

408 

pri 

5398 

mod 

# 

20 

i  tem# 

2 

freq 

409 

pri 

7623 

mod 

# 

38 

i  tem# 

3 

freq 

410 

pri 

2711 

mod 

# 

10 

i  tem# 

12 

freq 

428 

pri 

1614 

mod 

# 

51 

i  tem# 

2 

freq 

433 

pri 

5360 

mod 

# 

30 

1  tem# 

3 

freq 

453 

pri 

5273 

mod 

# 

18 

i  tem# 

11 

freq 

453 

pri 

6643 

mod 

# 

29 

i  tem# 

1 

freq 

476 

pri 

3079 

mod 

# 

33 

i  tem# 

6 

freq 

513 

pri 

559 

mod 

# 

17 

i  tem# 

1 

freq 

516 

pri 

6300 

mod 

# 

58 

i  tem# 

1 

freq 

533 

pri 

2321 

mod 

# 

10 

i  tem# 

11 

freq 

536 

pri 

1126 

mod 

# 

55 

1  tem# 

6 

freq 

544 

pri 

6667 

mod 

# 

50 

i  tem# 

4 

freq 

546 

pri 

2953 

r.3.1 


Mill 


mod 

# 

55 

i  tern# 

1 

freq 

mod 

# 

46 

i  tern# 

3 

freq 

mod 

# 

49 

i  tern# 

8 

freq 

mod 

# 

10 

i  tern# 

7 

freq 

mod 

# 

24 

i  tern# 

4 

freq 

mod 

# 

3 

i  tern# 

5 

freq 

moa 

# 

19 

i  tern# 

7 

freq 

mod 

# 

39 

i  tern# 

1 

freq 

mod 

# 

37 

i  tern# 

3 

freq 

mod 

# 

32 

i  tern# 

5 

freq 

mod 

# 

7 

i  tern# 

1 

freq 

mod 

# 

49 

i  tern# 

2 

freq 

mod 

23 

1  tern# 

4 

f  re  3 

mod 

# 

16 

i  tern# 

Oi 

freq 

moo 

# 

35 

i  tern# 

3 

freq 

mod 

# 

33 

i  tern# 

2 

freq 

mod 

# 

31 

i  tern# 

1 

freq 

mod 

# 

6 

i  tern# 

3 

freq 

mod 

# 

17 

i  tern# 

4 

freq 

mod 

# 

18 

i  tern# 

2 

freq 

mod 

# 

14 

i  tern# 

10 

freq 

mod 

# 

45 

i  tern# 

5 

freq 

mod 

# 

lb 

i  tern# 

1 

freq 

mod 

# 

18 

i  tern# 

7 

freq 

mod 

# 

32 

i  tern# 

3 

freq 

mod 

# 

60 

i  tern# 

1 

Treq 

mod 

# 

16 

i  tern# 

5 

f »  eq 

mod 

# 

16 

i  tern# 

7 

freq 

mod 

# 

18 

item# 

5 

freq 

mod 

# 

56 

i  tern# 

2 

freq 

mod 

# 

9 

i  tern# 

2 

freq 

mod 

# 

17 

i  tern# 

5 

freq 

mod 

# 

16 

i  tern# 

9 

freq 

mod 

# 

49 

i  tarn# 

5 

freq 

mod  #  I'j  it'em#  4  freq 
mod  #  48  item#  1  freq 
mod  f  db  item#  4  freq 
mod  #  6  item#  2  freq 
mod  #  items'  2  freq 
mod  #  26  item#  2  freq 
mod  #  43  i tern#  4  freq 
mod  #  4b  item#  6  freq 
mof  #  lu  item#  I  freq 
mod  #  24  item#  1  freq 
mod  #  11  item#  3  freq 
mod  #  14  item#  5  froq 
mod  #  54  item#  3  freq 
mod  #  6  item#  1  freq 
mod  #  55  item#  5  freq 
mod  #  10  item#  8  freq 
mod  #  25  item#  2  freq 
mod  #  33  item#  1  freq 
mod  #  47  item#  1  freq 
mod  #  36  i  tern#  7  f »'eq 
mod  #  27  item#  2  freq 
mod  :?  52  Item#  1  freq 
mod  #  57  item#  1  freq 
mod  #  3  item#  3  freq 


568 

pri 

737 

671 

pri 

3786 

572 

pri 

447  2 

602 

pri 

7393 

606 

pri 

6152 

632 

pri 

3286 

634 

pri 

4459 

649 

pri 

2575 

650 

pri 

1412 

652 

pri 

3640 

659 

pri 

3908 

671 

pri 

3498 

678 

pri 

2999 

699 

pri 

5217 

705 

pri 

2205 

732 

pri 

2394 

736 

pri 

4070 

769 

pri 

1514 

777 

pri 

3588 

787 

pri 

2111 

795 

pri 

1575 

808 

pri 

5096 

894 

pri 

1811 

900 

pri 

4957 

908 

pri 

1802 

925 

pri 

6949 

928 

pri 

2740 

947 

pri 

65/8 

953 

pri 

1151 

953 

pri 

715 

975 

pri 

3514 

984 

pri 

1689 

987 

pri 

5170 

991 

pri 

2123 

994 

pri 

7675 

1003 

pri 

5952 

1019 

pri 

3050 

lo37 

pri 

5123 

1045 

pri 

4839 

1051 

pri 

5463 

1066 

pri 

6904 

1099 

pri 

616 

1122 

pri 

3357 

1147 

pri 

3470 

1169 

pri 

5533 

1177 

pri 

4324 

1180 

pri 

5459 

1188 

pri 

2558 

1198 

pri 

4915 

1216 

pri 

5749 

1224 

pri 

6927 

1232 

pri 

4941 

1238 

pri 

3922 

1248 

pri 

7525 

1255 

pri 

2927 

1263 

pri 

7612 

1270 

pri 

1741 

1270 

pri 

2473 

-  ?  o 

*  .it  i* 


mod  : 

23 

i  tern# 

2  freq 
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pri 

2931 

mod 

i  tem» 

3  freq 

1287 

pri 
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mod 

If 

27 

1  tern# 

3  freq 

1224 

pri 

1105 

mod 

if 

22 

i  tern# 

5  freq 

1329 

pri 

5405 

mod 

it 
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1333 

pri 

4070 

mod 
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17 
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pri 
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mod 
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7094 
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APPENDIX  F.4.  Environments  for  lUu  and  IU<i  Emitters 

This  appendix  contains  the  values  of  UOA,  frequency  and  DOA  for 
two  environments,  an  environment  of  100  emitters  and  an 
environment  of  102  emitters.  Sections  F.4.a-  and  F.4,b.  contain 
the  values  for  the  100  emitter  environment.  Section  F.4.a.  is 
sorted  by  frequency  while  section  F.4.b.  is  the  same  data  sorted 
by  PRI.  Sections  F.4.C.  and  F.4.d.  contain  the  values  for  an 
environment  of  102  emitters  by  frequency  and  PRI,  respectively. 
The  only  difference  in  the  input  values  that  produced  the  two 
environments  was  the  number  of  emitters. 


F.4.a.  100  Emitters  by  Frequency 
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pri 

728 

mod 

# 

22 

1  tern# 

3 

f  req 

1346 

pri 

920 

mod 

# 

18 

i  tern# 

2 

f  req 

66 

pri 

922 

mod 

# 

50 

1  tern# 

2 

f  req 

2462 

pri 

943 

mod 

# 

18 

1  tern# 

1 

f  req 

3847 

pri 

1160 

mod 

# 

7 

i  tern# 

1 

f  req 

1976 

pri 

1216 

mod 

# 

13 

i  tern# 

3 

freq 

2534 

pri 

1238 

mod 

# 

29 

i  tern# 

2 

freq 

248 

pri 

1248 

mod 

If 

11 

1  tern# 

2 

freq 

3058 

pri 

1270 

mod 

if 

53 

i  tern# 

2 

freq 

2559 

pri 

1321 

mod 

if 

8 

1  tern# 

2 

freq 

2754 

pri 

1422 

mod 

# 

28 

1  tern# 

2 

freq 

1008 

pri 

1441 

mod 

# 

48 

i  tern# 

1 

freq 

3193 

pri 

1642 

mod 

if 

10 

i  tern# 

1 

freq 

1378 

pri 

1700 

mod 

if 

12 

i  tern# 

2 

freq 

3155 

pri 

2071 

mod 

if 

22 

i  tem# 

4 

freq 

892 

pri 

2119 

mod 

if 

17 

i  tem# 

2 

freq 

1581 

pri 

2206 

mod 

if 

20 

i  tem# 

1 

freq 

1171 

pri 

2294 

mod 

if 

12 

1  tem# 

1 

freq 

3702 

pri 

2370 

mod 

# 

5 

i  tem# 

2 

freq 

1574 

pri 

2519 

mod 

if 

51 

i  tem# 

1 

freq 

371 

pri 

2538 

mod 

if 

13 

i  tem# 

1 

freq 

2510 

pri 

2542 

mod 

If 

21 

i  tem# 

2 

freq 

259 

pri 

2580 

mod 

if 

41 

i  tern# 

4 

freq 

726 

pri 

2690 

mod 

if 

17 

i  tem# 

3 

freq 

317 

pri 

2788 

mod 

if 

11 

i  tern# 

1 

freq 

1976 

pri 

2830 

mod 

if 

53 

i  tem# 

4 

f  req- 

168 

pri 

2860 

mod 

if 

36 

i  tem# 

4 

freq 

3211 

pri 

3078 

mod 

if 

36 

i  tem# 

2 

freq 

483 

pri 

3170 

mod 

if 

3 

i  tem# 

2 

freq 

2495 

pri 

3248 

mod 

if 

36 

i  tem# 

1 

freq 

132 

pri 

3280 

mod 

if 

50 

i  tem# 

3 

freq 

2926 

pri 

3357 

mod 

if 

25 

i  tem# 

2 

freq 

1372 

pri 

3537 

mod 

if 

6 

i  tem# 

1 

freq 

3476 

pri 

3587 

mod 

if 

22 

i  tem# 

1 

freq 

1296 

pri 

3634 

mod 

# 

43 

i  tem# 

1 

freq 

3079 

pri 

3667 

mod 

# 

13 

i  tem# 

2 

freq 

3989 

pri 

3674 

mod 

# 

28 

i  tem# 

1 

freq 

3692 

pri 

3677 

mod 

# 

34 

item# 

1 

freq 

1639 

pri 

3738 

mod 

# 

56 

i  tem# 

1 

freq 

2899 

pri 

3806 

mod 

# 

12 

1  tem# 

3 

freq 

3405 

pri 

3936 

mod 

# 

15 

i  tern# 

2 

freq 

1469 

pri 

4214 

mod 

if 

42 

1  tem# 

1 

freq 

3268 

pri 

4239 

mod 

if 

33 

1  tem# 

3 

freq 

8 

pri 

4271 

mod 

if 

50 

i  tem# 

1 

freq 

1303 

pri 

4421 

mod 

if 

4 

i  tem# 

1 

freq 

1412 

pri 

4424 

mod 

if 

47 

item# 

1 

freq 

3095 

pri 

4529 

mod 

if 

53 

i  tern# 

3 

freq 

1502 

pri 

4717 

mod 

# 

23 

i  tern# 

1 

freq 

3164 

pri 

4717 

mod 

# 

14 

i  tem# 

4 

freq 

1139 

pri 

4767 

mod 

# 

31 

item# 

1 

freq 

1660 

pri 

4806 

mod 

if 

26 

i  tern# 

1 

freq 

1484 

pri 

4866 

mod 

# 

39 

i  tern# 

1 

f  req 

2403 

pri 

4912 

mod 

# 

24 

i  tern# 

2 

f  req 

1169 

pri 

4948 

mod 

# 

41 

i  tern# 

1 

freq 

3860 

pri 

5016 

mod 

# 

32 

1  tern# 

1 

f  req 

3351 

pri 

5086 

mod 

# 

33 

i  tern# 

2 

freq 

1153 

pri 

5108 

mod 

# 

21 

1  tern# 

1 

freq 

3210 

pri 

5158 

mod 

# 

40 

i  tern# 

2 

freq 

1301 

pri 

5179 

mod 

# 

41 

1  tern# 

2 

freq 

1259 

pri 

5227 

mod 

# 

14 

i  tern# 

2 

freq 

1427 

pri 

5263 

mod 

# 

53 

i  tern# 

1 

freq 

3942 

pri 

5271 

mod 

# 

56 

i  tern# 

2 

freq 

2803 

pri 

5282 

mod 

# 

49 

i  tern# 

4 

freq 

1887 

pri 

5353 

mod 

# 

30 

i  tern# 

1 

freq 

1094 

pri 

5435 

mod 

# 

5b 

i  tern# 

3 

freq 

3003 

pri 

5591 

mod 

# 

59 

i  tern# 

1 

freq 

1897 

pri 

5617 

mod 

# 

5 

i  tern# 

1 

freq 

1400 

pri 

5652 

mod 

# 

57 

i  tern# 

1 

freq 

2536 

pri 

5663 

mod 

# 

49 

1  tern# 

2 

freq 

1660 

pri 

5716 

mod 

# 

57 

i  tern# 

2 

freq 

4009 

pri 

5733 

inod 

# 

40 

i  tern# 

1 

freq 

608 

pri 

5773 

mod 

# 

52 

i  tern# 

1 

freq 

1370 

pri 

5795 

mod 

# 

15 

i  tern# 

1 

freq 

550 

pri 

5097 

moo 

24 

1  tern# 

1 

freq 

2178 

pri 

6001 

mod 

# 

3 

i  tern# 

1 

freq 

1539 

pri 

6087 

mod 

# 

54 

i  tern# 

1 

freq 

1791 

pri 

6091 

mod 

# 

10 

i  tern# 

2 

freq 

3936 

pri 

6254 

mod 

# 

36 

i  tern# 

3 

freq 

880 

pri 

6297 

mod 

# 

17 

1  tern# 

1 

freq 

835 

pri 

6500 

mod 

# 

14 

item# 

3 

freq 

3651 

pri 

6527 

mod 

# 

3 

i  tern# 

3 

freq 

2261 

pri 

6558 

mod 

# 

37 

i  tern# 

2 

freq 

3557 

pri 

6652 

mod 

# 

10 

i  tem# 

3 

freq 

3101 

pri 

6763 

mod 

# 

19 

i  tem# 

1 

freq 

2824 

pri 

6876 

mod 

# 

49 

i  tem# 

3 

freq 

2000 

pri 

6898 

mod 

# 

14 

i  tem# 

1 

freq 

3179 

pri 

6990 

mod 

# 

33 

i  tem# 

1 

freq 

1655 

pri 

7232 

mod 

# 

6 

i  tem# 

2 

freq 

148 

pri 

7334 

mod 

# 

34 

i  tem# 

2 

freq 

1178 

pri 

7376 

mod 

# 

49 

i  tem# 

1 

freq 

2402 

pri 

7471 

mod 

# 

40 

i  tem# 

3 

freq 

5 

pri 

7565 

mod 

# 

19 

1  tem# 

2 

freq 

3412 

pri 

7571 

mod 

# 

52 

i  tem# 

2 

freq 

791 

pri 

7900 

mod 

# 

41 

i  tem# 

3 

freq 

490 

pri 

7900 

mod 

# 

37 

i  tem# 

1 

freq 

070 

pri 

7900 

F.4.C.  102  Emitters  by  Frequency 


mod 

# 

3b 

i  tem# 

2 

freq 

6 

pri 

6025 

mod 

# 

1 

i  tem# 

2 

freq 

248 

pri 

5079 

mod 

# 

37 

i  tem# 

1 

freq 

253 

pri 

2975 

mod 

# 

7 

i  tern# 

3 

freq 

280 

pri 

6103 

mod 

# 

3 

item# 

3 

freq 

282 

pri 

7096 

mod 

# 

20 

i  tem# 

2 

freq 

410 

pri 

7622 

mod 

# 

29 

1  tem# 

1 

freq 

477 

pri 

3079 

mod 

# 

17 

i  tem# 

1 

freq 

516 

pri 

6300 

^■*4.4 


mod 

# 

35 

i  tern# 

1 

freq 

2801 

pri 

7450 

mod 

# 

3 

i  tern# 

2 

f  req 

2825 

pri 

7900 

mod 

# 

3U 

1  tern# 

1 

freq 

2844 

pri 

500 

mod 

# 

19 

i  tern# 

4 

freq 

2979 

pri 

3182 

mod 

# 

20 

i  tern# 

3 

freq 

3038 

pri 

6217 

mod 

# 

8 

i  tern# 

2 

freq 

3062 

pri 

500 

mod 

# 

46 

i  tern# 

1 

freq 

3075 

pri 

4111 

mod 

# 

13 

i  tern# 

1 

freq 

3083 

pri 

1384 

mod 

# 

45 

i  tern# 

3 

freq 

3091 

pri 

3460 

mod 

# 

8 

i  tern# 

1 

freq 

3221 

pri 

2775 

mod 

# 

29 

i  tern# 

2 

freq 

3227 

pri 

7900 

mod 

# 

18 

i  tern# 

1 

freq 

3250 

pri 

3044 

mod 

# 

50 

i  tern# 

1 

freq 

3254 

pri 

2979 

mod 

# 

30 

i  tern# 

3 

freq 

3262 

pri 

3153 

mod 

# 

56 

i  tern# 

1 

freq 

3279 

pri 

7189 

mod 

21 

1  tern# 

1 

freq 

3280 

pri 

4013 

mod 

# 

22 

1  tern# 

1 

freq 

3346 

pri 

3343 

mod 

# 

10 

i  tern# 

3 

freq 

3383 

pri 

2862 

mod 

# 

58 

i  tern# 

3 

freq 

3458 

pri 

4070 

mod 

# 

50 

i  tern# 

2 

freq 

3487 

pri 

766 

mod 

45 

1  tern# 

1 

freq 

3491 

pri 

5986 

mod 

# 

45 

i  tern# 

2 

freq 

3567 

pri 

6063 

mod 

# 

10 

i  tem# 

5 

freq 

3614 

pri 

5007 

mod 

# 

56 

i  tem# 

2 

freq 

3651 

pri 

6300 

mod 

# 

54 

i  tem# 

1 

freq 

3653 

pri 

1372 

mod 

# 

10 

i  tem# 

2 

freq 

3696 

pri 

948 

mod 

# 

37 

i  tem# 

2 

freq 

3699 

pri 

803 

mod 

# 

14 

i  tem# 

1 

freq 

3700 

pri 

2627 

mod 

# 

36 

i  tem# 

2 

freq 

3778 

pri 

2989 

mod 

# 

13 

i  tem# 

4 

freq 

3796 

pri 

6243 

mod 

# 

47 

i  tem# 

2 

freq 

3947 

pri 

4948 

mod 

# 

19 

item# 

3 

freq 

3986 

pri 

5564 

mod 

# 

23 

i  tem# 

1 

freq 

4057 

pri 

2008 

F.4 

•  d  • 

102 

Emitters  by 

PRI 

mod 

# 

30 

i  tem# 

1 

freq 

2844 

pri 

500 

mod 

# 

8 

i  tem# 

2 

freq 

3062 

pri 

500 

mod 

# 

8 

i  tem# 

3 

freq 

2748 

pri 

618 

mod 

# 

56 

i  tem# 

3 

freq 

569 

pri 

737 

mod 

# 

50 

i  tem# 

2 

freq 

3487 

pri 

766 

mod 

fr 

37 

i  tem# 

2 

freq 

3699 

pri 

803 

mod 

# 

10 

i  tem# 

2 

freq 

3696 

pri 

948 

mod 

# 

29 

i  tem# 

3 

freq 

1486 

pri 

967 

mod 

# 

53 

i  tem# 

1 

freq 

1413 

pri 

1071 

mod 

# 

25 

i  tem# 

3 

freq 

1288 

pri 

1170 

mod 

# 

54 

1  tem# 

1 

freq 

3653 

pri 

1372 

mod 

# 

13 

i  tern# 

1 

freq 

3083 

pri 

1384 

mod 

# 

10 

i  tem# 

4 

freq 

1380 

pri 

1493 

mod 

# 

57 

i  tem# 

1 

freq 

1270 

pri 

1741 

mod 

# 

14 

i  tem# 

3 

freq 

894 

pri 

1811 

mod 

# 

54 

i  tern# 

2 

freq 

1995 

pri 

1929 

mod 

# 

23 

i  tem# 

1 

freq 

405/ 

pri 

2008 

mod 

16 

i  tem# 

1 

freq 

2308 

pri 

2072 

mod 

# 

22 

i  tem# 

3 

freq 

1718 

pri 

2089 

mod 

# 

18 

i  tem# 

2 

freq 

787 

pri 

2111 

mod 

# 

58 

i  tem# 

1 

freq 

534 

pri 

2321 

0 


mod  #  5  i tern# 
mod  #  ifU  item# 
mod  #  44  item# 
mod  #  26  item# 
mod  #  14  item# 
mod  #  8  item# 
mod  #  32  item# 
mod  #  3U  item# 
mod  #  10  item# 
mod  #  22  item# 
mod  #  37  item# 
mod  #  50  item# 
mod  #  36  item# 


1  f  req 
1  f  req 
1  f  req 
1  f  req 
1  f  req 
1  freq 

1  freq 

2  freq 

3  freq 

4  freq 
1  freq 
1  freq 


1189 

2583 

1823 

2070 

3700 

3221 

1595 

2056 

3383 

1285 

253 

3254 


pn 

pri 

pri 

pri 

pri 

pri 

pr 

pri 

pri 

pri 

pri 

pri 


2558 

2583 

2612 

2615 

2627 

2775 

2842 

2850 

2862 

2930 

2975 

2979 


mod  # 

29 

i  tern# 

1 

freq 

477 

pri 

e.  ^  u  7 

3079 

mod  # 

30 

i  tern# 

3 

freq 

3262 

pri 

3153 

mod  # 

19 

i  tern# 

4 

freq 

2979 

pri 

3182 

mod  # 

20 

i  tern# 

4 

freq 

1789 

pri 

3213 

mod  # 

36 

i  tern# 

1 

freq 

2483 

pri 

3280 

mod  # 

22 

i  tern# 

1 

freq 

3346 

pri 

3343 

mod  # 

10 

i  tern# 

1 

freq 

1122 

pri 

3357 

mod  # 

45 

i  tern# 

3 

freq 

3091 

pri 

3460 

mod  # 

38 

i  tern# 

1 

freq 

2395 

pri 

3490 

mod  # 

50 

i  tern# 

3 

freq 

672 

pri 

3498 

mod  # 

9 

item# 

2 

freq 

976 

pri 

3514 

mod  # 

12 

i  tern# 

1 

freq 

2771 

pri 

3736 

mod  # 

7 

i  tern# 

1 

•req 

660 

pri 

3908 

mod  # 

47 

item# 

} 

-  req 

1238 

pri 

3922 

mod  # 

25 

i  tern# 

1 

freq 

1370 

pri 

3926 

mod  # 

21 

i  tern# 

1 

freq 

3280 

pri 

4013 

mod  # 

58 

i  tern# 

3 

freq 

3458 

pri 

4070 

mod  # 

31 

i  tern# 

1 

freq 

737 

pri 

4070 

mod  # 

46 

i  tern# 

1 

freq 

3075 

pri 

4111 

mod  # 

29 

i  tern# 

4 

freq 

1435 

pri 

4435 

mod  # 

41 

i  tern# 

1 

freq 

2597 

pri 

4585 

mod  # 

14 

i  tern# 

2 

freq 

1046 

pri 

4839 

mod  # 

4/ 

i  tern# 

2 

freq 

3947 

pri 

4948 

mod  # 

9 

i  tern# 

1 

freq 

2502 

pri 

4986 

mod  # 

10 

i  tern# 

5 

freq 

3614 

pri 

5007 

mod  # 

49 

i  tern# 

1 

freq 

2755 

pri 

5034 

mod  # 

31 

i  tern# 

2 

freq 

248 

pri 

5079 

mod  # 

3 

i  tern# 

4 

freq 

2576 

pri 

5082 

mod  # 

5 

i  tern# 

2 

freq 

1037 

pri 

5123 

mod  # 

4 

i  tern# 

1 

freq 

167 

pri 

5267 

mod  # 

56 

i  tem# 

4 

freq 

2b 

pri 

5476 

mod  # 

19 

i  tem# 

3 

freq 

3986 

pri 

5564 

mod  # 

18 

i  tem# 

3 

freq 

2527 

pri 

5602 

mod  # 

47 

i  tem# 

3 

freq 

2796 

pri 

5692 

mod  # 

22 

i  tem# 

2 

freq 

2271 

pri 

5738 

mod  # 

19 

i  tem# 

1 

freq 

2429 

pri 

5787 

mod  # 

49 

i  tem# 

2 

freq 

1004 

pri 

5952 

mod  # 

45 

i  tem# 

1 

freq 

3491 

pri 

5986 

mod  # 

35 

i  tem# 

2 

freq 

6 

pri 

6025 

mod  # 

45 

i  tem# 

2 

freq 

3567 

pri 

6063 

mod  # 

44 

i  tem# 

2 

freq 

2033 

pri 

6092 

mod  # 

7 

item# 

3 

freq 

280 

pri 

6103 

mod  # 

13 

item# 

2 

freq 

2724 

pri 

6201 

r.4.7 


)■ 

\ 


-  ) 


mod 

# 

20 

i  temff 

3 

f  req 

3038 

pri 

6217 

mod 

# 

13 

i  tern# 

4 

f  req 

3796 

pri 

6243 

mod 

# 

34 

i  tem# 

1 

f  req 

2181 

pri 

6269 

mod 

bb 

i  tem# 

2 

freq 

3651 

pri 

6300 

mod 

# 

17 

i  tern# 

1 

f  req 

516 

pri 

6300 

mod 

b« 

1  tern# 

2 

treq 

1806 

pri 

6405 

mod 

7 

i  tem# 

2 

freq 

2139 

pri 

6555 

mod 

# 

13 

i  tem# 

3 

freq 

1449 

pri 

6652 

mod 

# 

55 

i  tem# 

1 

freq 

2420 

pri 

6666 

mod 

3 

i  temff 

1 

freq 

1991 

pri 

6780 

mod 

# 

25 

i  tem# 

2 

freq 

1224 

pri 

6928 

mod 

# 

3 

i  tem# 

3 

freq 

282 

pri 

7096 

mod 

# 

27 

i  tem# 

1 

freq 

1839 

pri 

7170 

nod 

# 

56 

i  tem# 

1 

freq 

3279 

pri 

7189 

nod 

# 

3b 

i  tem# 

1 

freq 

2801 

pri 

7450 

mod 

# 

19 

1  tem# 

2 

freq 

2168 

pri 

7474 

mod 

# 

16 

i  tern# 

2 

freq 

1417 

pri 

7516 

mod 

# 

53 

i  tem# 

2 

freq 

1264 

pri 

7612 

mod 

# 

20 

i  tem# 

2 

freq 

410 

pri 

7622 

mod 

# 

3 

i  tern# 

2 

freq 

2825 

pri 

7900 

mod 

# 

43 

i  tem# 

1 

freq 

1669 

pri 

7900 

mod 

# 

29 

i  tem# 

2 

freq 

3227 

pri 

7900 

il 


APf»£MDIX  F.  5.  300  EMITTERS  WITH  STATIOHARY  EMVIROMMEMT 

Following  are  the  simulation  results  from  an  environment  with  300 
emitters  in  which  the  velocities  of  the  airborne  platform  and  all 
)  emitters  are  set.  artificially,  to  zero  to  determine  the  effect 

of  DOA  drifts  to  memory  module  3.  as  discussed  in  section  0.6. a. 
For  compactness,  the  results  are  only  shown  at  1,  6,  10,  15,  and 
HU  second  intervals.  System  parameters  are  as  follows: 


maximum  cn-time  separatl on/luu  emitters  in  seconds  .05 
Associative  Processor  time  in  microseconds  1.0 
Array-Processing  time/microinstruction  in  mi.crosecs.  0.1 
CAM-manager  processing  time  in  microseconds  ‘  1.0 
number  of  CAM  registers  24 


1.  00  SEC. 


<PRINT  !NCR*  1.000) 


NMCNT«  566  MCNT=  96397  MAX*  243  CAMB-=  5  MPPB=  3 

MTIME*  0.  035639  NCWL*  96966  MLCAMBUF*  3  IDOAD*  1 

ICFD=  1  N£A»  97941  NIA=  1543  INLT1=  0  INLT2=  1  INLT3*  064 
0264  1  4268  12  44  5  10  29 

5  11  775664S2434555 

6  338542052657774 

955853747311  1  000 

MAIN.  MEMORY  SIZES:  \ 

•  026414268  12  445  10  29 

5  11  77566482434555 

6338542052657773 
955353747311  1000 

TOTAL  EMITERS  IN  MPPR*29S 
14  12  12  15  13  14  14  15  13  12  15  15  17  12  13  14 

13  12  13  15  15  12  11  15  11  15  13  12  12  13  15  15 

14  12  15  14  15  13  12  15  14  12  13  14  13  13  13  13 

15  15  14  13  13  15  13  15  15  13  14  14  14  14  14  18 

12  13  16  13  15  14  12  12  15  13  13  14  15  15  13  12 

14  13  13  13  14  13  12  16  15  15  15  13  13  17  12  14 

14  14  12  15  15  13  14  14  15  14  15  14  14  14  15  14 


15  14  12  14  12  14  12  14  13  16  15  12  13  15  14  13 
LIST  SIZES: 

.0  0000  00007  10  46  10  57 

67446790  1  5874565 

.•  \  22  10  4239284663242 


2  0  4  4  2  5 


0  2’  2  1 


1  5  1 


2222050304034 


0  0  0  0 


0  0  0  2  1 


0  1 


1  0  2  1  2  0  2 


0  O 


10  10  0  3 


TOTAL  CONTENTS**  296 


000000010000 


AVERAOE  CONTENTS-  -  2. 


TIME  =  5  00  SEC 


(PRINT  INCR=  l.OOO) 


NMCNT*  3tS2  mCNT=  S16105  MAX=  243  CAI1B»  5  MPPD=  3 
MTI.'IE*  0.  035(559  NCWU=>  519347  MLCAMBUF-  4  IDOAD"  1 

ICFD=  I  NEA=  320325  NIAa  4129  IMLTl*  0  INLT2=<  1  INLf'l*-  O-lbO 
02*  4  1  4268  12  445  10  29 

511''  7560482434555 

6338542  0  52657774 

955833/473111000 
MAIN  nEMORV  SIZES 

02641  4268  12  445  10  29 

S11775  6  6  482434355 

633834  ;■  052657773 

9553537473  1  1  1000 

total  EMITERS  in  KPPrt-298 

16  14  13  17  18  16  18  15  17  16  15  16  17  17  14  It- 

17  15  17  15  17  15  14  13  14  lo  15  13  14  15  17  15 

21  15  15  17  15  15  15  17  18  lo  17  17  16  16  14  15 

IS  15  16  16  14  15  18  16  15  15  16  15  17  17  15  18 

17  IS  16  16  17  16  14  16  16  17  16  20  16  18  16  15 

15  16  14  l.'j  16  16  16  16  17  16  13  15  14  17  16  16 

16  16  15  15  17  15  1?  16  16  15  16  15  15  16  16  17 

15  15  15  17  16  14  18  16  16  16  16  15  13  ?3  14  14 

list  SIZES; 

21010001  tlOOlOOl 
0001002000120000 
000000000  0  000  12  45 

57565698736  10  7168 

17334224  13423524 

4466222514224422 
4  12  1  000232123146 

4(  32122310111201 

TOTAL  C  INTENTS"  299  AVEflAGE  CONTENTS-  2.34 


TIME  "  lO.  00  SEC.  (PRINT  INCR"  1.000) 


NMCNT”  6570  MC1JT=  1040764  MAX"  £"3  ®  MPP3=  3 

MTIME*  0.  035659  NCWL-  1047334  4  ^  ^ 

ICFD"  1  NEA»  1048312  N1A=  754/  INLTl"  0  INi.T2  1 
0264  1  4265  12  445  10  29 


ICFD"  1  NEA» 

0  2  6  4  1  4 

5  11  7  7  5  6 

6  3  3  8  5  4 

9  5  5  8  5  3 

MAIN  MEMORY  SIZES: 

0  2  6  4  1  4 

5  11  7  7  5  6 

6  3  3  3  5  4 

o  5  5  8  5  .C 


?  INLTl= 
5  10  2 

4  5  5 

7  7  7 

1  0  0 


INI.T2" 


INLT3-  w.86e 


6  8  12 
4  8  2 
0  5  2 

4  7  3 


TQTAu  EMITERS  IN  MPPR-298 

16  15  19  17  18  16  18  17  17  17  lo  16  1/  17  U  16 

17  IS  1/  17  21  19  14  17  17  18  16  14  15  16  18  IV 

2’  15  16  17  16  17  17  17  18  16  *7  17  17  16  16  17 

16  17  It  16  15  IS  18  17  16  16  16  15  17  17  16  IB 

17  15  16  17  17  16  15  17  16  17  16  20  16  18  17  15 

15  16  16  16  18  16  16  16  19  1/  16  17  17  17  16  i6 

16  16  15  1!3  <7  15  18  16  16  17  16  15  15  16  17  17 

17  15  17  17  xl  15  18  16  17  16  17  15  17  15  15  16 


LIST  SIZES: 
4  4  5 


5  2  4 

0  13 

1  3  3 

1  2  0 
0  1  0 
0  0  0 
S  5  13 

2  4  2 


TOTAL  CONTENTS"  299  ^VER4GE  CONTENTS"  2.34 


TIME  -  11.00  SEC.  (PRINT  INCA-  1  OOOi 


TIME  »  15.00  SEC. 


(PRI.NT  INCR*  1.000) 


NMCNT*  10010  M'tJT*  1565344  MAJt’*  243  CAMB=»  5  MPPa»  4 

MTIMEa  0.  035659  NCWU=»  1575361  MLCAMBUF=>  5  ID0AD=  S 

ICFD»  5  hi£A=  1576336  NIA=  10991  INLTl*  0  INLT23  5  IK1.T3»1030H 

02641  4268  12  445  10  29 

3  11  77566482434555 

633854205  2  657774 

95583374  7  :  1  1  1000 

MAIN  MEMORY  SIZES. 

0264  1  4268  12  445  10  29 

S  11  773o6482434555 

6338542052637773 
95585374731  1  1000 

TOTAL  EM ITERS  IN  MPPR-298 

16  ib  19  17  19  17  18  17  »7  17  16  17  17  17  16  16 

17  IS  17  17  21  19  15  17  17  18  16  16  15  16  iR  17 

21  16  16  17  16  17  17  17  13  IS  17  17  17  !  ,  17 

16  17  17  17  17  18  18  17  16  16  17  15  17  1/  16  18 

17  15  16  17  17  16  15  17  16  17  16  20  16  ^8  17  15 

15  17  16  16  18  16  16  16  19  17  16  12  17  17  16  17 

16  16  18  18  17  16  18  16  16  17  17  16  15  16  17  17 

17  IS  17  17  16  16  la  16  17  18  17  16  17  15  15  16 

LIST  SIZES 

0000000864774367 
376  10  757255054156 
2912343261352435 
22241  12632533402 

031  1400031434341 

2212210020010201 
0  0  00100200210010 
0000000000000000 
TOTAL  CONTENTS-  296  AVERAGE  CONTENTS-  2.  31 


20.00  SEC.  (PRINT  INCR-  1.000) 


NMCMT-  14066  MCNT-  2089272  MAX- 
MTIME-  O.  035639  NCWL-  2103343  MLCAM3L'F»  7  1D( 

ICFD-  7  NEA-  2104322  NIA-  15049  SNLTl-  ( 
02641  4268  12  4  4  5  10  2  9 

5  11  77566482434555 

6338542052657774 

9558537473lXlt'00 
MAIN  MEMORY  SIZES: 

02641  4268  12  445  10  29 

5  11  77566482434555 

633854205265/773 

95585374731  1  1000 

TOTAL  EMITERS  IN  MPPR-298 

16  16  IV  17  19  20  10  17  17  17  16  17  17  18  16  16 

17  18  17  17  21  19  16  17  17  18  16  16  IS  16  18  17 

21  17  16  17  16  17  17  19  18  18  17  17  17  17  16  17 

16  17  17  17  17  19  18  17  19  16  17  15  17  17  16  19 

17  15  18  17  17  16  13  17  16  17  17  20  16  18  17  15 

15  17  16  16  18  16  16  16  19  17  16  18  17  .17  16  18 

17  16  13  18  17  16  18  16  18  17  17  16  16  16  U  17 

17  17  17  17  16  16  18  16  17  18  17  16  17  13  16  18 

‘•^^0  0201210100101 
2001010211000100 
00001  12000000000 
0004864896759576 
3893255953342444 

1  3324S34  3642  1  2 

041415421124  1  -  04 

204002031220241  1 

TOTAL  CONTENTS-  300  AVERAGE  CONTENTS-  S.  34 


MAX-  243 
MLCAM3L'F»  7 
15049  SNLTl 
4  4  5  10  2 

4  3  4  5  5 

6  5  7  7  7 

I  X  1  O  0 


CAMS-  5  MPP3- 
'  IDQAD-  ■  7 
0  1NLT2- 

!  9 

)  5 

^  4 

>  0 


INLT3-14364 


APPENDIX  F.6.  FREQUENCY  HOPPER  ENVIRONMENT 


Following  are  the  run  results  two  envi  ron.nents  in  which  the 
nunJber  of  emitters  in  the  environment  was  50,  which  included  two 
frequency  hoppers.  In  the  first  case,  in  order  to  accommodate 
the  overflow  in  the  main  memory  modules  which  corresponded  to  the 
frequency  hoppers,  new  data  was  entered  into  the  top  of  the 
module  when  the  module  became  full;  in  other  words,  the  data 
wraps  around  and  writes  over  the  previously  entered  data.  In  the 
second  case,  when  the  memory  module  is  filled,  no  more  data  is 
loaded  into  that  module.  For  more  information,  see  section  D.i.b. 

The  simulation  was  run  with  a  static  LIST  of  (32,256)  for  one 
second.  The  results  shown  here  are  for  the  entire  run  with  no 
wraparound,  but  only  from  0-5  seconds  for  wraparound  memory.  The 
results  were  identical  up  to  that  time. 


sFH:  Simulation  Results  for  50  Emitters 
and  2  Frequency  Hoppers 
Wraparound  Memory  • ' 


TIME  «  0.  10  sec.  (PRINT  1NCR»  0.  100) 

NrtCNT*  0  MCNT=  1105  MAX=  200  CAMB=  3  MPPB*  2 

MTIME-  0. 0S9At2  MCWL^  1111  MLCAMB'JF*  2  IDDAD*  1  .  . 

tCFD*  0  NEA«  129S  NIA<'  192  INUT1=  0  IN!.T2»  2  INI.T3“»  47 

00  0.  111220102110  13 
32100101  10030000 

0  31  110002  11011331  i 

02001  1  2000000000 
MAIN  MEMOHV  SIZES: 

0  0  0  ’  1  1  1  2  0  1  0  2  1  1  0  13 

32100S110030000 
0  31  1  10  0  021  101  1331 

0  2  0  0  1  1  2  O'-O'd  0*0  (J  0  0  0 

TOTAL  EMITESS  IN  MPPR*  8S 

S766486B6674H338  ; 

866307677976669  /' 

LIST  SIZES: 

0010000247434032 

1122012001021000' 

TOTAL.  CONTENTS-  43  AV£RA<;E  CO-NIENrS-  1.  34  -I 


'PRINT  INOR*  0.  100 > 


) 

TIME  ■  0  i’O  SEC 

NMCNTo  :  m:nT»  C720  MAX"  200  CAMD=  3  MPPB-  2 

MTImF"  C  OSPAtiS  NCWl."  2735  rlLCA~!3'jF^  V  IDDAD"  1 

ICFO«  0  NEA"  2P7i  NIA"  245  INLTl"  0  INLT2=  2  INLTOa  -iA 
0  0  0  1  1  I  2  2  0  1  0  2  I  I  0  23 

32100101  1  0  03  0  000 

0  48  1  1  0  0  0  2  ;  1  0  1  1  3  3  1 

0200  1  1200  0  0  0  0000 
MAIN  memORV  3irE3 

0  0  0  1  1  l  1  2  0  2  0  2  I  1  0  25 

3210010  1  1  0030000 

0  16  1  1  0  0  0  2  1  I  0  1  1  3  3  1 

0  2  0  0  1  1  2  0  0  0  0  0  0  0  0  0 

TOTAL  EMITER'3  IN  MPPR=  S3  (.I'.IJ 
8'’B77aaaS777  1l978 
8  1168786739769398 
LI5V  SIZES. 

2i  120000  0  0  000442 

3  5  4  1  1  1  3  2  1  2  1  1  1  1  2  0 

TQ'AL  CONTENTS"  aa  aVE'^AOE  CONTENT-is  1.  41 


TIME  "  0.30  3EC.  irRINT  INCR=  0.  lOO) 


NMCNT*  1  MCNT=  4351 

MTIM£'«  0.  059462  NC14L"  4356 
ICFD"  0  NEA"  4641  NIA» 


0  0  0  1  1  1  2  2  0  1 

3  2  1  0  0-  1  0  2  -1  ■  0  - 


MAX"  200  CAMS"  3  «PPB=  2 
MLCAMBUF"  2  IDOAD-  3 

289  INUTl"  0  1NLT2"  4 
0  2  1  1  0  33 

0  3  - *0 -  —  O'- — 0— “'O’  “  .y*... 


INLT3= 


48 


0  48  1  100021  101  1  3  32 

02001  12000000  0  00 
MAIN  MEMORV  SIZES. 

000111  1  2010211  0  38 

321001020  0  030  0  00 

021100  0  211011322 

02001  12000000000 
TOTAL  EMITERS  IN  MPPR«  84  ((SO) 
8888788887  77  11  988 

8  :l  68938789999998 
LIST  SIZES: 

102021  1003001000 

0003543133133221 
total  contents-  47  AVERAGE  CONTENTS-  1  47 


TIME  -  0.  4C  SEC.  tPRINT  INCH-  0.  100) 


NMCNT-  1  MCNT-  5972  MAX*  200  CA-MB-  3  MPP8-  2 

MTIME-  0.  059462  NCWL-  9984  MLCAMBuF-  2  IDOAD-  7 

ICFD-  0  NEA":  6313  NlA-  340  INLTl-  0  INLT2-  8  INLT3-  48 

0001  1  12201  1.  2210  48 

3  210010210130000 

0  48  11000211011332 

0200112100000000 
MAIN  MEMORY  SIZES. 

000111  1  201112003 

32100  1020012  0--O' — O  0 

0  36  1  10  0  0  21  101  13  2  2 

02001  I  1  lOOOOCOOO 
total  EM1TER5  IN  MPPR-  83  (l40> 

888878988987  II  938 
3  11  68988839999990 

LIST  SIZES: 

22303040  :  001200 

1  1  10000000226SS1 

TOTAL  CONTENTS-  44  AVERAGE  CONTENTS-  ^33 


TIME  =  0.  50  sec 


••PRINT  INCP 


0.  100) 


NMCNT*  :  MCNT-  :’604  MA4-  ZCO  CAMS-  3  MPPB-  2 

MTIME=  0.  05P4.32  i'.CWi-=  -415  Mt.-:-v-t2UF«  2  IDOAD-  8 

ICFDx  0  NSa-^  7992  NIA=  .n'.'  INLTi*.  0  INLTS-  9  iNLi'^j-*  -48 
000111220X1  2  310  48 

32100  1  0210130000 

0  48  1  10  0  021101  1332 

0200  1  1  3100000000 

MAIN  MEMORf  SIZES 

0  0  0  1  1  1  1  2  0  1  1  1  2  0  0  16 

221001  0  200120000 
0  20  1  1  0  0  0  2  1  1  0  1  1  3  2  2 

02001  1  1  10000  0  000 
total  EMITERS  i'J  •:????=■  79  0^<3) 

888878988989  11  988 

8ll  7  99369  •»9999999 

LIST  SIZES 

0223  2  2  2313372322 

-0-3  1  1  0  .  0-  0  0  -1  O  ■  0  0  -  1  C  0  O 


TOTAL  -CGNTENTS-  46  AVERAGE  '’ON TENTS-  1.44 


TIME  •  0.  60  SEC  (PRINT  IWCR-  0.  100  J 

NMCNT-  I  MCNT*  9216  MAX-  200  CAMS-  3  MPPB-  2 

MTIME-  0  0594a2  nCUL*  9231  KLCAMBUF-  2  IDO.AD*  11 
JCFD-  0  NEA-  9661  NIA-  444  1NUT1>^  0  INLT2-  12  INLf3-  iO 

000211220112212  43 
3210010210  . 1  300C0 

0  48  1  100021  101  1322 

1200112100000000 
MAIN  MEMORY  SIZES. 

00020121011  1  202  29 

221  00  1  02001200  0  0 
061  1000211011321 

12001  11100000000 
TOTAL  EMITERS  IN  «PPR»  80  (MO 
88887898898  11.11  9  3  S 

811899339999999  9  9 

LIST  SIZES; 

01000005  32134324 

1120312101011  a  01 
TOTAL  CONTENTS-  47  AVERAGE  CONTENTS-  1.  47 


TIME  »  0. 70  SEC.  (PRINT  INCR-  0.  100) 

NMCNT-  1  NCNT*  10841  MAX-  200  CAMS-  3  W=PB-  2 

MTIME-  0.  059462  NCNL-  10S57  MLCAflBlff^-  2  IDOAO-  12 
ICFD-  0  NSA*  11334  NIA-  492  Ih«-Tl»  0  INLT2-  13  INLT3-  SO 
00021  1  2201  r22I2  48 

3210010  2.'  10130000 
0  48  1  1000211011332 

1200  1  1  2100000000 
MAIN  MEMORY  SIZES 

0002  0  12101  1  1202  42 

22100102001200  0  0 
038  1  1000.2110  1  1231 

i.-'J  120011110000  0  000 

■'•'.V  TOTAL  EMITERS  IN  MPPR-123  (W) 

89887898898  11  11  988 

3  11  a  11  9899999999  It  9 

l.iST  SIZES. 

1*  1200020  10000066 
332312202'*!  1210 

TOTAL  CONTENTS-  47  AVERAGE  COWTENrS-  iv.47 


time  «  0. -=>0  >:E';  -print  inch-  O.  \C0) 

NMCMT®  :  M-::iT=  iT4fei  riA:<=  200  came=  3  nppy=  2 

nTIMEa  0,  C-5T4fc2  fiC;NL=  12478  MUCAi>12U?=  2  IDOAD*  l3 

ICFD«  >  Nc=—  l30-'3l  NIA=  r'-7  INuTt'^  0  INLT2-  14  i^LFa-  vO 
0001  t  122  0  1  12217  48 
3  2  1  .•'0:021012  0  0  0  0 

0  45  1  1  03021101-1022 


1200  1  12200000  00 
MAIN  memory  SIZE’S 

00020121  0  1112370 

221001  0  20  0  120  0  00 

0  22  1  10  0  021  101  1231 

12001  1  0  2000  0  0  0  00 

total  E.MITEHS  in  :i?PR»  72  OV/) 
999493?a89Slltl  983 

81 1  911  9  9  9  9  9  9  10  9  «  cfu  9 

list  SIZES: 

310023  lOOOOOC  0  10 

000042244322:  :  14 

total  CCNTENTSa  17  A’..’ERAG£  C0NTENT3=  .  47 


TIME  =  0.90  SEC  %P(<INT  INCP.=  0,100) 

NMCNT=  1  «CNT=  14088.  MAX=  200  CAMB«  3  MPPB-  £ 

MTIME^  0.  059462  NCWL«  14106  MLCAMSU^-  2  IOOAD>  14 
XCFD-y  0  NEA=  14677  NIA«  388  INLTl-  0  INLT2»  15  IMLT3=  50 
00021  12201  1221  18  48  ■ 

3210010210130000 
0  48  1  100021101  1  332 

121011220-0000000  ' 

MAIN  memory'  SI2ES: 

00020121011120  18  0 
221  0010200120000 
03  1  1  0002  1  1  0  1  i--2-3i 
1  1  1  01  1020-0  0  00000 
TOTAL  SMITERS  IN  MPPR-  69  O'iV 
39899893998  11  n  988 
8  11  8  11  9a9999  10  9'>9  1l9 

LIST  SIZES- 

46233510001-1  0120 

0110010000213213 
TOTAL  CONTENTS*  47  AVERAGE  CONTENTS*  1.47 


TIME  ■  1.  00  SEC.  (PRINT  INCR»  0.  lOO> 

NMCNT*  1  MCNT-  15708  MAX*  200  CAMS*  3  MPPB*-  ’ 2 

MTIME*  0.  059462  NCWL*  15731  MLCA,^SUF-  2  IDOAD-  17 
ICFD^y  0  NEA*  16350  NIA«  641  INLTl*  0  INLT2*  18  I.NLr3=  51 
00021  12201  1221  31  48 

3210010210130000 
0  48  2100021211  1  332 

12101  1220000  0  000 
MAIN  MEMORY  SIZES. 

0002012101  1  120  31  47 

22100  :  -i  200120000 

0  33  2  I  0  7  4  2  Z  1  1  1  ;  2  3  I 

1  I  1  0  I  10  2-3  0  0  0  0  0  0  0 

TOTAL  EI11T3RS  t'i  MPPR*!*:'’  (I76) 

9  9  8  10  9  xi  5  ?  10  8  li  -.1  9  8  11 

8  11  8  11  9  8  9  9  9  ^10  99  9  11  10 

LIST  SIZES; 

00  11  2;  303501221  12 

212  0  00  0  0310  1  0000 

TOTAL  CONFENTS*  4ci  -  AVERAGE  CONTEN  r-3*  -  1  44 


Simulation  Results  for  50  Emitters 
and  2  Frequency  Hoppers 
No  Wraparound  in  Memory 


TIME  =  O.SO  SEC.  INCR®  0.100) 


NMCNT=  1  HCNT= 

MTIME“  0.059462  .NCUL« 


7592  MAX=  200  CAMB=  3  MPPB= 
7603  MLCAMBUF=  2  IDOAn=  8 


0  0 
3  2 
0  48 
0  2 


■  0  NEA= 
Oil 
i  0  0 

110 
0  0  1 


•  7992  ■  NIA»  “  399  INLT1=  •0--'INLT2a- "  8  INLT3= 


MAIN  MEMORY  SIZES.: 

000111120 
221001020 
0  48  1  100021 

020011110 
TOTAL  EMITERS  IN  MPPR=139 
888878980 
8  11  7998899 

LIST  sizes: 

0  22322231 

031100001 
TOTAL  LIST  SIZE^  45  AVG  LI 


0  0  0 


2  0  0  48 


8  9  11 


9  9  9 


AVG  LIST  SIZE=  1.4) 


1=  0.60  SEC.  <PRINT  INCR*  0.100) 


NMCMT*  2  NCNT” 

MTIME-  0.059462  NCUL*> 


9200  MAX’*  200  CAMB»  3  KPPB=  2 
9216  NLCAKBUF*  2  IBOA»>s=  13 


ICFB-  0  NE.<:' 

0  0  0  2  1  1 

3  2  1  0  0  1 

0  48  1  1  0  0 

1  2  0  0  1  1 

MAIN  MEMORY  SIZES! 

0  0  0  2  0  1 

2  2  1  0  0  1 

0  48  11  0  0 

1  2  0  0  1  1 


9661  N1A» 

2  2  0  1  1 
0  2  10  1 
0  2  110 
2  10  0  0 


0  0  0  0 


460  IKLT1=  0 
2  2  1  2  <8 


0  2  48 
0  0  0 
3  2  1 
0  0  0 


2«  13  INLT3=» 


TOTAL  EHITERS  IN  MPPR=»141 


8  8  8  8  7  8  9 

8  11  e  9  9  8  8 

LIST  sizes: 

0  1  0  0  0  0  0 

1  1  2  0  3  1  2 

TOTAL  LIST  SIZE-  47 


8  9  8  8  9  8  11  It 


9  10  999998 


AVO  LIST  SIZE-  1.47 


TIME  »  0.70  SEC.  IPRINT  IKCR-  0.100) 


NHCNT-  2  MCNT- 

MTIME-  0.059462  NCML- 
ICFD-  0  NEA-  113 


10825  HAX-  200  CAMS-  3  HPPB-  2 
10842  HLCAMBUF-  2  IDOAD-  14 
I  )!1A-  508  INLTl-  0  INLT2-  14  INLT3- 


ICFD-  0  NEA-  11334  )!1A-  508  INLTl- 

000211220112212  48 
3210010210130000 
0  48  11000211011332 

1200112100000000 
MAIN  MEMORY  SIZES! 

000201210111202  48 
-  \2i0010200120000 


40  1100021101 


2  3  1 


2  0  0  1 


100000000 


TOTAL  EMITERS  IN  MPPR-i4i 
09887898898  11  11  988 

8  11  8  11  98999  10  999  9  11  8 

U8T  sizes: 

1  1  200020  10000066 
33231220214112)0 


TOTAL  LIST  SIZE-  47 


WQ  CXST  SIZE*  t>47 


(PRINT  1NCR= 


0.100) 


TIHE  ^  0.80  SEC. 

rfHCNT=  2  HCNT=  12445  HAX=  200  CAHB=  3  HPPB=  2 

MTIME=  0.059462  NCWL*  12463  MLCAMBUF=  2  ID0AD=»  15 
ICFD*  0  NEA=  13001  NIA=  555  INLT1=  0  INLT2-  15  INLT3=  50 
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1 
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2 
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3 

2 

1 
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1 

0 

2 

1 

0 

1 

3 

0 

0 

0 

0 

0 

48 

1 

1 

0 

0 

0 

2 

1 

1 

0 

1 

1 

3 

3 

2 

1 

2 

0 

0 

1 

1 

2 

2 
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0 

0 

0 

/\ 

w 

0 

0 
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MAIN 

MEMORY 
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« 

« 

0 

0 

0 

2 

0 

1 

2 

1 

0 

1 

1 

1 

2 

0 

8 

48 

2 

2 

1 

0 

0 

1 

0 

2 

0 

0 

1 

2 

6 

0 

0 

0 

0 

48 

1 

1 

0 

0 

0 

2 

1 

1 

0 

1 
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2 

3 

1 

1 

2 

0 

0 

1 

1 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

TOTAL  EMITERS 

IN 

MPPR= 

147 

8 

9 

8 

9 

9 

8 

9 

8 

8 

9 

8 

11 

11 

9 

8 

8 

8 

11 

8 

11 

9 

8 

9 

9 

9 

10 

10 

9 

9 

9 

11 

8 

LIST 

SIZES) 

3 

1 

0 

0 

2 

3 

1 

0 

0 

0 

0 

0 

0 

0 

1 
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0 

0 

0 

0 

4 

2 

8 

4 

4 

3 

2 

2 

1 

1 

1 

4 

TOTAL  LIST  SI2E=  47  AOG  LIST  SI2E=  1.47 


TIME  =  0.90  SEC. 


(PRINT  INCR=  0.100) 


NMCNT”  2  MCNTa  14072  MAX=  20C  CAMB=*  3  MPPB«»  2 

>'’''l«E=  0.059462  NCWL=  14092  MLCAMBUF=  2  IDOAD«  16 

)d=  1  NEA=  14677  NIA=  C604^  INLTl-  0  INLT2-  16  INLT3" 

21122011221  20  48 


51 


0  0 
3  2 
0  48 
1  2 


1 

1 

0 


2 

0 

0 

0 


1 

0 

1 

0 


MAIN  MEMORY  SIZES) 

0  0  0  2  0  1 

2  2  1  0  0  1 

0  48  1  1  0  0 

1110  11 
TOTAL  EMITERS  IN  MPPR-159 
8939989899 
8  11  8  11  9 

LIST  sizes: 

4  6  2  3 

0  110 


0 

1 

0 

2 

0 

1 

0 


8  9  9 


3 
0 

TOTAL  LIST  SIZE* 


5 

1 

47 


0  0 
0  0 


0  0 
3  3 
0  0 


0  20  48 
0  0  0 
2  3  1 

0  0  0 


8  11  11 
9  10  10  9  9 


9  8 
9  11 


0 

6 


AOO  LIST  SIZE*  1.47 


TIME  *  1.00  SEC.  (PRINT  INCR*  0.100) 


HMCNT- 

MTIME« 


2  MCNT- 
0.059462  NCUL* 


15694  MAX*  200  CAMB*  3 
15719  MLCAMBUF*  2  IDOAD- 


MPPB* 

20 


ICFD*  1  NEA« 

0  0  0  2  1  1 

3  2  1  0  0  1 

0  48  2  1  0  0 

12  10  11 
MAIN  MEMORY  SIZES) 

0  0  0  2  0  1 

-—2  -2 — l~a  -0"  I 
0  48  2  1  0  0 

1110  11 


16350  NIA* 
2  2  0  1 


0 

0 

2 

2 

O' 

0 

0 


1 

1 

1 

0 

1 

1 

1 

0 


655  INLTl*  0 

2  2  1  34  48 

3  0  0  0  0 

113  3  2 

0  0  0  0  0 


INLT2-  20  INLT3*  51 


1 

2 

1 

0 


0-0 
1  2 
0  0 


0  34  47 
0  0 
3  1 

0  0 


^ATOTAL  EMITERS  IN  MPPR-173 


iEX 

7  9  8  10  9  8  11  8  9  10  8  11  IJ  9  8  11 
y  Q  y  ^  9  10  10  9  9  10  11  10 


8  11  8  11 
LIST  SIZES) 

0  0  11  2  1  3  0 

2  1  2  0  0  0  0 

TOTAL  LIST  SIZE*  46 


1 

0 


2 

0 


1  1 
0  0 


AV8  LIST  SIZE*  1.44 


APPENDIX  F.7.  Program  Listing  and  Flowcharts 


Tne  main  program.  File  EVS4.  maintains  the  calling  sequence  for 
the  various  processors  in  the  system.  It  consists  of  15 
subprograms,  as  outlined  below: 


ROPARM 

INIT 

TIMST 

NDAGE 

NEMIT 

RCVR 

ASSOC 


CAM 

LCAM 

MPPR 


UPDM 

UPDAAM 

PRIP 

CONFIG 

WSTAT 


reads  in  system  and  environmental  parameters  for  each 
simulation  run. 

initializes  all  variables  and  arrays. 

returns  the  minimum  next  on-time  of  an  emitter  to  Main. 

establishes  initial  values  for  all  emitters. 

computes  and/or  updates  the  parameters  measured  by  the 

Receiver  for  each  emitter  when  it  turns  on. 

detects  incoming  signals,  measures  each  parameter,  and 

stores  the  data  for  output  to  the  associative  processor. 

accepts  data  from  RCVR,  compares  data  to  the  CAM  via 

CAM,  updates  the  CAM  via  LCAM  and  sends  unmatched  data 

to  the  array-processors. 

performs  an  associative  comparison  of  t..e  top  of  the  CAM 
buffer  and  the  CAM.  and  counts  the  number  of  matches, 
loads  the  CAM  when  the  CAM  is  not  busy,  and  loads  the 
CAM  buffer  from  the  array-processors  buffer, 
the  array  processors,  accepts  unmatched  data  from  CAM. 
types  emitters  and  adds  new  emitters  to  its  memory. 

Calls  routines  UPDAAM  and  UPDM  to  update  unmatched  data, 
calls  PRIP  to  compute  PRI,  calls  CONFIG  to  configure  the 
LIST. 

updates  memory  when  unmatched  data  from  CAM  matcnes  main 
memory  as  a  frequency  drift  but  DOA  does  not  change- 
updates  memory  when  unmatched  data  from  CAM  matches  main 
memory  as  a  DOA  drift. 

computes  the  PRI  for  emitters  in  dynamic  environments, 
reconfigures  the  LIST  based  on  the  maximum  and  minimum 
PRIs  of  the  emitters  currently  in  the  environment, 
writes  statistics  froRi  the  simulated  run  at  specifed 
i nterval s. 


Following  are  flowcharts  for  MAIN,  ASSOC.  LCAM.  CAM.  MPPR. 
UPDAAM,  and  UPDM-  Also  included  is  a  listing  of  the  entire 
program. 


MAIN  ROUTINE 
FILE  EVS4 


f  READ  ALL  INPUT  VALUES  AND  INITIALIZE  | 

1 

r  -  .  . 

1  generate  I 

NITIAL  ENVIRONMENT  MODEL 

UPDATE  fc  COMPUTE  ENVIRONMENT  PARAMETERS 


M  DETECTION  OF  SIGNAL  ENVIRONMENT 


± 


DETECTED  DATA  READY  FOR  ASSOC  PROCESSOR  ??> 


N 


-»j  COMPrtK:  TO  CAM  FOR  MATCH  j 


<  ANY  UNMATCHED  DATA  FOR  ARRAY  PROCESSORS  ??  > 


COMPARE  UNMATCHED  DATA  TO  FILE  AND  UPDATE 
OR  ADD  NEW  DATA  TO  FILE 


<  ANY  DATA  IN  ARRAY  PROCESSOR  INPUT  BUFFERT?~>«— < 


<  ANY  DATA  IN  ASSOC  PROCESSOR  INPUT  BUFFErTr>^ 

_ _ _ sr _ 

<  ANY  DATA  IN  RECEIVER  INPUT  BUFFER  ? 7 


•X 


l>i 


I  FIND  ON-TIME  OF  NEXT  EXPECTED  SIGNAL  | 


_ i 

1 

UPDATE  TIME 

CALCULATE  NEW  SIGNAL  SORTER  POSITION 

\  WRITE  STATISTICS  | 

_ _ i 

r 

CALL  RDPARM 
CALL  INIT 

CALL  NDAGE 

CALL  NEMIT 

CALL  RCVR 

JXR 

CALL  ASSOC 

JXA 

CALL  MPPR 

IMTAG 

lATAG 

IRTAG 

CALL  TIMST 

TIME=TM!N 


TIME  <  RTIME 


STOP 


SUBROUTINE  ASSOC 


SET  FLAG:  DATA  READY  FOR  MPPR 


MORE  DATA  IN  CAM  BUFFER  TO  PROCESS  ?? 


INPUT  BUFFER  OVERFLOW?T> - 

H 

_ X _ 

STORE  INCOMING  DATA  INTO  BUFFER 


GET  TIME  OF  TRANSFER  OF  DATA  FROM  RCVR 


RCVR  TRANSFER  TIME  LESS  THAN  ASSOC  LOCAL  TIME  ?? 


INPUT  BUFFER  EMPTY  ??> 

^  y 

SET  FLAG:  NO  DATA  FOR  MPPR 


SET  FLAG:  DATA  ITEM  IN  PROCESS  K - 

i _ ^ 

ENOUGH  TIME  TO  LOAD  A  CAM  WORDTT^ 
LOAD  DATA  WORK  INTO  THE  CAM  (CALL  LCAMI 


MATCH  A  DATA  WORD  TO  THE  CAM (CALL  CAM) 


SUBROUTINE  LCAM 


-<~LiST  BUFFER  EHPTY"> 


[FIND  LIST  BIN  FOR  LOADING 


1 

-<  LIST  BIN  FULL  ??  > 


i: 


[N 


LOAD  LIST  FROM  LIST  BUFFER 


1 

i 

yy 


iGET  NEXT  ITEM  IN  LIST  BUFFER 

1 

t 

» _ 

TIME  AVAILABLE  TO  LOAD  CAM  ??  >- 

F  - 

!  CALCULATE  TIME  WINDOW  i 


<  LIST  BIN  FOR  TIME-WINDOW  EMPTY  ?? 


N 


LOAD  CAM  FROM  LIST 


GET  NEXT  ITEM  IN  LIST  BIN 


-<  TIME  AVAILABLE  TO  LOAD  CAM  ?7  > 

IN 


SUBROUTINE  CAM 


ALL  REGISTERS  EXAMINED??  > 


TS**^ 


if 

I 


C'lBROUTINE  MPPR 


•  ^ 


SUBROUT JNE  UPDAAM 


STORE  MATCHED  DATA  INTO  CORRECT  DOA 
MOnULF  IN  MAIN  MEMORY _ 


LIST  INPUT  BUFFER  FULL7?> 

_ 

LOAD  UPDATED  VALUES  INTO  LIS~T'  BUFFEiTl 


IpACK  MEMO^  in  BIN  from  WHCH  DOA.  DRIFT  OCCURRED! 


dXIT 


SUBROUTINE  UPDM 


UPDATE  matched  DATA  IN  MAIN  MEMC'RY  MODULEI 


PUT  BUFFER  FULL^f?~> 


LOAD  UPDATED  VALUES  INTO  LIST  BUFFER? 
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,.-A  r.iA*:'-.  ELEfiENf  t.1  .GHENT  IS  BEING  ‘-'RO'. 

c 

* 


•  'V 


TM5;  D:-- 

'  SETWEH'*  C. 

SnlTR^l.:  !=>■ 
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■  EADF  IN  THE  PARAiiFHlR;:  F'D!-;  EACH  SIMULATION  R'.ii', 


THIS  gubroutini;. 

.-LADS  IN 

L- 

’AEY  variables 

c 

IWRITF. IfilT 

1 — WR I TE  > 

UZCN; 

TO  GENER, 

c 

UZFG- 

'>'0  GENEF 

c 

JiFH; 

TO  GE^iER' 

c 

•JIDDA 

i U  GENHR 

c 

JIPRI . 

T  0  SET  FT 

NE- 

;'VJM3ER  0' 

C  A 

^?\  PR iH' 

MAXIMUM  ! 

R  FRIL. 

I'.INIMUN  - 

EMS: 

MA>.  SEP, 

r 

TIA  : 

ASSOC  Fi 

c 

TIM: 

FR: 

TXFM: 


TO  GENERA'iE  CON  f  INUOUS  WAVE  EMITTERS 
Vfj  GENERATE  -UL.Bb:  EMITTERS 

TO  GENERATE  'REGUEm':  •.  (-.uRPERS 

i'u  generate  nununifo-r-'-i  dga  change 

TO  SET  PkIH  Ar4D  PRIM  HANUALlY 

;-vjM3eR  r.”  EMI  TTERS 

iVAXIMUh  rOLSr:  REPiTirtON  INTERVAL 

Hli'ilMUN  PULSE  RlIFET^  !  ION  INTERVAL 

i<A>.  SEPARATION  LfE-wLEN  INITIAL  DW-TIMcS 

ASSOC  FFOC.  TIME  IN  HICROSECONDS/ INSTRu:TinH 

FFCC  time-  in  NICROFECOMDS/MICROI-NSTRUCTION 
CAM  MANaTER  processing  TXHF  in  MICRDSECON.DS 
•.■.•jMBSh  (jF  Cam  REGir. ‘‘T.'SE 

’■v-.?TrrJi'i  DELAY  5HFOi-:E  PPOCESS] NG  WORD  OF  DATA 


NMOD; 

*.  N  i  (  I  A:. 

NO  C'-'  MD 

NwPM: 

i'lUMSER 

WUROo  f' 

N3IT; 

INITIAL 

.NUr-<S£R  OF 

LAD: 

AD’.'A.NCE 

!.r-AD  VIME 

NEC ON. 

i'iZ  QF 

fMirrrlRS  I 

IF  <  NE 

OY.-J.ANIC 

RTIME: 

•LNTIME 

FOr:  5 1 MUL 

:  START 

WPITEf*. S' 

3  FORMA  r<l.'.  'T 

R£AD\:,  x;:pt. 
IFdFILE  GO. 
2i  “ORMATiax.  V 

IC  for  ESSE'-m 
FEADd..  1  ;  IGF 
IFIv-iWRITF 
IFdFiLE  QF 
;•  )  'OR MAT  a  /  Ci 

READ\;,1‘  TT- 
I"dFiLE  Gr. 
\io  -ORMArii/- 

READ.-'.i-. 

iFiti  :le 

•,L'C  “yRMitr<lt. 

rjsrAfi.  •  ■• .  ■ 


■-■•E  0  FOR  UAfAriLE  IN'-jT.  1  FOR  TERMINAL  INPUT 
;•  <4?.  ITS  i  .*.•■  SI  > 

;■£  1  TO  L'F.r'E  ALL  .'UrFUT. 

'"'w  DA  i  ^  <  'iNL  '  ”  ' 


,  sWPITEC-  -  1G0.‘ 

U  iiTNUOU'  wA'CE  EM;rT-H5>:-  l^YES,  O^MDM 

*  V  .* 

■C;PITE’'^>.  >  fO) 

■,>..Er  ORs..  -  LMITTER:. 

‘  • 

.  ■  LK IVF .  ISO' 

-■•■-■Z  >.'UA  ,-'':N-G£'  ■' 


i  r>'', 

i  e.c. 


\  23 
\ 


)  21 


I 


T  fT  (  J  fT  ’:  i_C  ,  I  T  t  ^  ■  '  30  ' 

f-'CRMAT  (  1.' ,  NJi'iiaft  OF  r‘30G'j£NCV  rOrFIMO  EM  ITTERS?  ■’ ) 

^■OADvt.l  O'- 
■  ~  i F  ( i_E  .  ..'?■•  IT’:'!  ^ ,.  >  •-’. 

'='ORliAra’.  'r--:  hIC-I  /O.D  .-OM  phi  -  :=Yr.s.  C>i-ACC£PT  DEFAULT'- 
F£AD‘1.1-  I 

IF(I-is.E  0-.  1  WFITF^r,  0: 

F “AO  ‘  ! ..  1  ■•  O'F 

F ijRrii-1 !  ^  .  'i-  ijF  •.  ri; ;  1 — 

IFiJZPFI  E{  ..  J^iJ  V'D 

]”  (IFILE  ■  wFI-Ev^:,  03 

P'ORH.A  r  (  5,» ,  f-;,r.'2ET  PR.-  ^  i!"i  ‘-iILi  -jiD...  .'=^ '  ) 

t'  eAD  k  '<  >  t.  I  ■',  A, 

3'-'(IFilE.  C-O  ■  .-WRITE (o.  -■ 

~CRM.-n  r  ( 5  A ,  t.  PR  j  -.I M  r  i  £  -iE-„ .  =  ' ) 

i^'EAD  \  1 1  5 PR  I L. 

I  r  <  I  !  lE  00 .  ;  -  WR I TE  ■' ■  A  .- 

FORMAT;  5  s;  A  SEPARAFION  HOT  Ur;  TIMl-.y='; 

FEAD-;  1 5) EM;, 

FC-RM.AT;F3  r>  • 

FORMAT;  15.- 
FuRM.AT(F20  10. 

IFdriLE.  OF.  '.  'WRITECA.  24) 

FORMAT;  IX.  PFO-:;.  TIME  Ih  HIOROSEC  '  > 

.READ 

TiA«i. 

or:.  i  ,lrite‘.o..  -4; 

FORM.-Mlix-  -i'S-F  FROC  "'M-ir  IN  MMLOO^EC  PER  MICRDiNFTftoC  riOM 
R£AD(i,  11  -T'C-I 
'•IM“0.  01 

IF  (  IF;  L£  '  '•■»?.  I  '^F ; .  ■  2"’  ’ 

K'ORMAT <  X ,  -c,.--'  FROC  TIME  IM  ilCROSEC') 

READ  (I,  i  •:  TXFf'. 

TIFM='-i. 

J F  (  2  F  J  LE  GF  ^  •  -vR  i  TE  i  o..  23  > 

FORMAT  (  .  H  AM  RE-0  .>  ' } 

READ ;  i .-  1 .’  Ne-.'F- 

^.^.S=:24 

irdPiLE  OE.  ••  WRITE (c.  31  .' 

FORMAT (iX,  ■;>.E:-AV=  ■• ) 

READ;.'!.-  'w  D’?_ 
iDEL^*^0 

IF<IFIL£  O':  ■  wPITE(o.  32) 

FORMAT;  li,  •  •.’'niAi.  ?;  OF  MOP.  IN  THE  LCAi'i  STAC)^  =  ') 

R£,AB;1.  l.-iF1G.’:> 


c 

IFdFILE  -ir.  : 

)N’RITE;6.  33) 

33 

FORMATriX,  P- 

Mr  WORDO-OIDD 

c 

RcAD<i,  DNWPM 

.'?3rM-o4 

iFiiFiu:  or.  i 

i.‘RnE<^-,  24) 

34 

FORMAV(,tX,  'ir; 

:";AL  #  OF  5 

REfTD; : ;  1  .'Wbl  r 

IFIIF.’LE  GO.  :  ■■WRITE '.v.- 222) 

J  f .  advance  UP.vO  time  IN  MiCPOSEC.  -') 
READ;  I,  1 
LAI/*=-0 


or:  •  .-  WP  1 7  £ ; 

FORMAT ( 1 y 

OF 

HEAD; i . 1 ) 

’  E. 

IF:  2F.TLE 

:-wFiTC( 

FORMA  r  m 

.  VIME 

PEADIF-  X'. 

H  - M“ 

*£■/  T.; 


O’*"***"*  I  ■  ■''<<>  ft  •*>•■>< -j  -i;  1^-.  :  h  s.-s-s 

^ -if  -j-V-'  t>  •jS'^'^-^5  -o-'  i  *-  jj  I- •!*■•' 

iv&iVyj  i  i'vC  ■'  .' 

-  -s  l'''PL:Zl~  i“i '•_ .  •L’-' ■^‘•'-  ,i-*'i’ 

.  )  IfiTEO^K  :  •.••.;  -  .  ;  Ai'.rP  ;•: ,  ■;:  s,i-!P  TR . 

R-ZAl  . 

•  rc-Mi'ir.Tj/EHi  i'/ zi  'i  •'•,  n.  cungt*  Nt.  MiNPTt<i 

1  ?1N  i  rC’N'' Z  >.'>.'  '■:':IK‘ 

CC)S!’1'Jrj''R  I'v  .  '  ■.•!;■->.  IrRFJ  ’--  iIOa.  iKU!”- •,  i(-3i  ) .  A/ B.  iRTAG. j 
CC'MMUN/A!!/ .-r-'...  :*-l  A‘5j  A  ■'F-  I ''F ;  o ) .  Ti  A  MaG-  IWRITF>LaD 
rOMhlON/  hP  <  .b4 .  AUi .  F*  ,> .  LL  •  1 1"!,  ii.-  !  :  aC  ,  '[  hXF /  MA I B'JF  <  o4 *  o  ;■ .  T  ‘  r. 

1  f-4uJD 

1  .  ]  i<  1  T  I  PN  i  tlPf'l  f  >.  -A  >  .  '..,i  A 

: GHMUm/ up  / A’  sG.D.A  1 64  ; ,  C  AM- RG  <  ,  I '.. r.f  ti  L  ( AA  > ,  C  AMPTR 

COMHOrt/DA/T"!  . 

CGMh(.)f4/PR  : .  '>.G:PRiL  rRlH.  NEIB- KPCOi'i 
-  ^•■cGF(3G.  r-; 

CGMMoN/Ga-i  '■  ••  i'G!' .  Ts-UaP,  tIi- N-  S'jFA 

COMMON/S VA*i  /NihGi'-T,  MCMT.  MaXQ-  I'IAXCaM-  HAXMPP,  TMAXTG,  WCWl.,  IW!_h 
CO!'iM(ji4/5T^T;  /yncAI).  IC-f* 

GOi^ML.'N/ u At'f  *»  it^AN*  v*RA^^ 

COMMQN/LRC'v'F  .'  .■■•CSUF  <  64  •; ,  LR IBUF  i  64.  b  ) .  .1  ACEi.L  (  16 ) ,  ACELL  Iv6 . . 
i  RIIi(64.  .  'RiB(64),LR!BT.RCTLUC,  LRISII^LRIT 
GuHMnN/LAE.-'R,  C  XFK 33?  -  LAlSlZ.  ASri.OC.  AB-’.LDP,  IDEL,  NMGO, 
i  NUFM/NSir 

CDMhQN/LMPPR  ■^3;-FRv  i2b>.  '.MIE.12.  MF  fLOC:.  113CMT 
CriMHON/FM/  LC  .i'  v.'R  -  ( 6-r»  4  /  >  1 NL. 

1  ,  L'0DCAM‘.3G6.  64.  3j.  i,.DCAflP  (3”)^.. ; ,  .DC-xMX  <  356 ) . 

"X  2  INLTi.  TN'i.r:-:.  INLT3 

'  OQMMUtvt/CM.Aihi.  JFRINT.  F INC  - RTIME,  FTirlE.  VR 
COMMON/ w'K-  lEi.  /uZCU,  JZf-Q,  J7.FH.  J/BO.A.  gZPRI 


:  r  i  f  ’ 


C  THIS  subroutine  U4ITlAL.i7.ES  MANY  0-  THE  VARIABLES  AND  AFFRAYS 
C  WHICH  ARE  U3E;:>  i'i  OTHER  SUBROUTINES.  FOR  DETAILS  ON  VARIArsuE.,. 
C  SEE  THE  PART  I  AR  SUBROUTINE 

C  KEY  VARIABLES 

C  TIM;  SMALLF-'S'  NEXT  EVENT  PROCESSOR  TIME  IN  C£C(;ND'I/ 

C  TIa.  ASSOC  RhOCF-BSDK  time  in  seconds  -converted  from  MICROSr" 

C  ZR.  Z  AXIL  '-"CSI  TiGN  OF  SOP  nCE  PLATFURM 

C  CONST;  U3E.’<  f -.ANGE  ATTENUaTIO;.,  1-.GU.ATI0M  IN  SUBR.  ^'EMIT 
C  A.B;  LOWER  A'.-O  JPP£R  POUNDS  OF  RCv'R  FREQUENCY 
C  SHI);  F.ECEi  .'IP  ANTE-.’WA  R-ATT-ERN 
C  EMJTRd.M;;  TIPS  OF  ARRIVAL  0-  EMITTER  I 
C 
C 

C  START 

TTM^Tir'K-lC 
TIR=0.  l->iC.  -5) 
lNL-0 

DO  555  J  =  l,  1.L.E 
LDCAiiP  ( I )  »0 
555  LDCAMX(2)«0 

DO  556  lA.«i..:>4 
DO  556  !2=--5.24 
■  J  DO  556  IC=i.  .0 
S  5c  MAMEM  (  I A .  I  :.L  C  ■-  =0 

-  DO  557  U«l,6«' 

MPNT  tJ>=0 
557  PnT\-J>«1 

ASTLOF  -*=0. 

TIME=^0. 


U-'.-STE 


«„• 
i’-v  ■  ' 


Jo'  ■ 


. . 


TPR]NT=-:r^' 

•::;-:r0 

VP-=0. 

TW\XT'-=-0 

'^FTLOr=0 

f\l  XF-'O 
PTXF=^0 
RCTL0C=0 
,^GTlu!.=0. 

LRiBT-rO 

JXR~0 

JXA^O 

IDOA'O^O 

ICFDr^O 

KCNT-0 

NMCMT^O 

NC«L.=0 

INLH=0 

IMTA<?=0 

iatag=o 

IRl  AQ-O 

IRAN=C 

JRA^4=0 

MAXO^O 

MAXCAh=0 

MAXMFP-=0 

LMIS3y=0 

LRlSI2=-0 

LAISIZ^O 

CQNST:=-iA 

T1 A-7I A-s^iO.  v~o) 

TIFM-TIFM^3  0  >-^<.-6) 
ZR=3000. 

A~iO, 

B=10.  *->11 
VR=^500. 

NWD=^^8 

CAMP'iR=l 

1F<JZFRI.  Nh’.  >-;■  GG  TO  lOXO 

-RlL=ROOO. 

?RIH=0. 

N’Ein=C> 

N£A=0 

r4IA=0 

DO  7  I  =  i.  IS  I 

SL  ( 1 )  =-  i .  0667  -••  FLOAT  (I  - 1  i 

RETURN 

END 


1-^,  »•’ 


•'wp-  ^  ^  •rf  ^  i  *■;* v;  1'  5<  i  'ATiv •>‘i>  V  iJ*4f -.  ;  5* 

•<  •-  t-'  -p-*'*'  .‘"P*;  -i-^-.  ■vv<  -t---  -i  **-fr**^ -s'- •^-■4^-i^--Jf*-)c  •*>■><•■}'  i  ■^■- 

£vur-:.:_  riNL-;  n.  '-.•.i-i 

impl  iC  I  r  '.  .'‘i'; ,;  .-■■i'^  "4  ',  i  “!><  ■' 

wONhijN/Ei^l  :' '  !-n;TW  ( "O’.),  e;;'  ,  ririK  vk,  ., r.-,, 'jllr4£sT<  NE£.  hirlPTP, 

1  EnivcfN'.  ">11^ 

J0M‘'15JW/PAI-4!’’  j'-'-rJ.  jKAi! 

•:Gh:i5"ij/c»^A  ir.  ■  imt,  ■' 'r-ii  i- tipil.  i-  rin” .  v- 
COrth'jl'i  /Da,'  .■_r';' 

zoMHorj/jriP jZcw,  j  .'.{n-,.  j::o'iA.  .Jiikki 


c 


IMI".  i3UD k OUT  1 

FIELD  DLFINr.TtOi;  G*^  THE  •■  Ak Ai'iSlTf R  .aRFAy  FOR  EACH  EMITTER 
EMITRd.J)  v<a,-:PE  I=ir'^-!JTrER  J=DEF1NED  SELGW 

v\  -  ■:-:F.Pl.ACEr-;Er-n-  OP  £rU  1  tp  aND  SIGNAL  SORTER  U«,£lt:K 
DV  --  •,’iSF LAC F:\TNT  siF  LH-TiER  AWO  SIGNAL  SORTEf-;  <MFTLr;. 
POWER  l»’  EMITTEii  a".*’:Lv.) jES  aOTEWhA  G.A.CN) 


1 

10 
1  i 

13 
ts 

14 

15 
1.6 

17 

18 
1^ 
20 


23 

24 


SIDELCV,’-.  i..05S  -  JN  DfXll^ELS  DDWfi  P’KOH  MAIN  BEAN  GAIN 
MA'X.  ANPFNNA  AN-GLE  -  UP  SCAM  LIMI  f  OF  ANTENNA  Il'i  DEGREE.- 
SCAN  RATE  -  IN  HI' 

PRI  -  FC'l.SE  RE.^HTI'i  ION  INVFRVaL  IN  SECONDS 
PULSE  Mi'.'TH  -  If!  SEdlMBS 
FREGUENCi  -  IN  CIGAHC 

up.!  TIME  ••  TIME  L'i-ilCH  T.HE  En  i  •'■TEl<  IS  TURNED  ON  i BEFORE 
MAXIMUM  ON-TINE  l/MSI) 


OFF  T. 


ME  -  TIME  m  onrcH  rho  e.mitter'Is  turned  off 

RCS'R  iM':!.)/-:*  -  PQ4ER  .XCv’El  -FON  EM  TITER  1  SEEN  AT  THE 
R  £C E I VEP  ANTENNA 

TO.A  -  riP.P  OF  AKRtV.-'.L  OF  rRANSNlTTED  PULSE  AT  RCVR  ANTE 
I'.QA  --  ni-'-ECTION  OF  ARRIVAL  OF  TRANSMITTED  PULSE  AT  RCVR 
FLAG  --  EF!  FOR  DURA  f  ION  OF  PUuSE  . 

INITI.aL  /i.MTENNA  ANGLE  ~  In  DEGREES 

DC  --  /  UiPPLACENENT  OF  EMj  rTEK  AND  SIGNAL  SORTER  INF.TER 
MJN.  ANTFNi.A  ANGLE  •■  lOl'ER  SCAN  LIMIT  IN  DEGREES 
VX  -  X  '.•■VL!XITY  COMPONENT  CF  SIGNAL  SORTER  PLATFORM 

vv  -  .  ‘.’FLnCITV  COMPONENT  OP  _-IGNAI.  SORTER  PLATFORM 

VZ  -  I  VELOCITY  COMPL'NENT  >'V-  SIGNAL  SORTER  PLATFORM 

TYPE;  -i  •  NOVI N’G  EMI 'P TER,  0  FIXED-  -^1 ;  COLLISION  COURSE 

SPARE 
SPARE 


J'li’lf 

Ai4 


C  START 

DO  15  J=1,NF 
EMITRC  J..  20;-^C. 
EMITS  XL  21  >-U 
•EMITRXL  22;~u 
15  fmitR- U,  23)=0. 


:0 


[N HALITE  velocities  OP  HOViNG  DMT 
DO  25  U=1)NE,  lO 
EMITR<  J,  23)’--5 . 

E.MITH  ( J.  20 ) (  IRAN ) )  200.  -  IOC. 
EniTH<  J.-  21  )-PnD<  IRAN.--i20J.  -100 


BO  35  -j-2,  NK.  -0 
35  EMITP-XL  23.)-t 
DO  lOO  I-i.NE 

EMiTR*  1/  i  U'nD  (  IRaN  > -20.  ■♦^2. 

EMITS  U .  2  •>  =  •  :-\ND  <  IPaX  ,•  -22.  I  ’  . 


•<;••»  3 


C 


EMITR  -:  I,  2) -ft 

IRAN)-.'! 

•0  ■'■30 

'  EHXTF'(  i,  Ai^P 

IRAN)-- 

0° 

F.MITJ-  (  X. 

'  IRAN.’' 

1  S 

EHXTR.-  I-  ■ 

•  r.i;N2  ( txM  ■ 

>'  •  i  r  0  !  •  f-'H 

;  1“ <  EMI TR 

■■  i.T  0)'  ) 

!  i  TP  -■  1 , 

XM  3  Ti 

•.-.Mi  Tn,  ^  i, 

r’.'  "R  '.I,  i  " 

*  1 .  0 

• 

EHiTf;/ 

:.'-s ;  Tft  <  I ,  L  ' 

'  !  -  1  t' 

EMXXP  (  i,  ■'  >  •=•!•: 

IRAN;-  i 

.  ;?■*-  5 

^  * 

OENERATfl  PRi  0 

■  ’.■■MI  TR  (  X  .  > 

!  'l  FElWErr-: 

OOo 

EMITk(  i,  8>  -:F 

IRAN) 

IF<£H1TR<  I, 0 

).  !-T.  0.  0  ;■.■ 

•  .1  I-CiilRvi. 

.  !  !  -0 

lECFrll  Th  I.  :  •  -C 

07.  0  -V.-- 

EH  ITR  <  •. . 

EMITHd,  E)  4. 

rl)  TK  (1,0!: 

\'j.  007 (*■*■(/ 

E'Ol? 

EHI  TKM,  -••;', 

ND"  IRAN)' 

•OO'-XlOO-i- .  0\ 

.•001 

c 

•^-•^•i;-  ^l•0  XI 

'■  U..SE  Wi  i; 

Tfr-i  FOR  CU 

•“HI  r 

{  J.iCU 


-^ND  \  1.  EG,  r.>.  i,  V)-  0001 


8S0 

100 


20 


EmITR(  1.  lo  .1  "Ko-li-U  IRAN  )  •”  .10  ■>>'^10+2.  ■<■10.  •iJ-y-l-' 
EMI 7R  (  1 1  1 1  ;  ~rv'-‘D k  iRa.N  > f^EHG 
IF<NE.  L£  lOO')  0-j  TQ  iOSO 

IF(  I.  OT.  100)  EM1TR<  1,  1  1  )  -^EMITR(  I>  1 1  )  i-Er',S 
I F  (I  01. 200 )  EM  ;  7F.  ( I ,  )  I )  ^EH 1 7ri  ■;  1 ,  i.  1  ;  h-EME 
IF  i  I  07.  t‘M7R  ih  i  1  )=EMi7R  •.  l  >-»-cNE 

EMI7r<-:l,  ; 2. X HE 
EM17R I, 

EH  1 7R  <1,1 4 )  1 7ft  <  1 ,11' 

EHI7ft<I, 

EHI7f\‘<2,  16) -0. 

CCN7INUE 

IF<J2P0.  EG.  VI  <10  70  tliO 
INIVALIZE  EH'iTTEftO  WI7H  PUu.5E  ORCiUPS 
DO  20  1=;?.  NF..  ;-;0 
N=I  +  .1 
K-H-2 
DO  2i 

EH  I TR  <.  N,  0 '  •-•EH TR  (  I J  i 
EHI TR  <  'A,  J )  Ers  I  TR  (  X ,  J ; 

EH ITR  <  W,  1 1  •  XTR  <  1 ,  1 1  )  +EH ITR  <  X ,  V )  a-2. 

EHITR<K,  11  !--EHr7R<N,  1)  )  •♦•t.'r  1 1  TR  ■■  i, 

EH  I  TR  ( N,  i  4  =--EM  I  T’R  <  N,  1  i  ) 

EM  I TH  <  K ,  1 4  )  =r_M  I  TR  <  R ,  1 1 ) 

CONTINUE 


C  ELIHINA'IE  SID;E:..G1:;E";  for  track  I M<^  EHlTTEfS 
illO  DO  30  K=3,  NF.,  rlO 
50  EMITR'iK,  5)--0 

0  CALCuLATr;  THE  T.JTAL  OF  ALL  PR  I  ^5  (TPRIG^  AND  THE  AVERA<JS  PR  I 
TPRIG-0 


200. 


DO  200  1  =  1,- NE 

TPR 1 0=TPR  J  0+EM I TR  < 1 ,  0 ) 


,.•  )  APRl-'-TPF:I0.-!-!2 

WRITE<6,  Ui)  APR  I 
1 1 1  FORMAT ( 2.V -  •  Af«- 1  =  ',£  1 2 .  5 ) 

RCTUkN 
■END 


;--  <.•»•■*,■>  J-  Sr  ii  •'"  ^*  '"i  J  «*  •'  i 


NjlM  1  •  •'  '.  •'-  ••  •>•*'■•>  ;-•  »•  i-  « 

•■>  ^•t'  •t**>  -  ■  ,  •;•>>  ^?  ■»*■*>'“  •'^  .”  ♦.•?>>- •ft* *>•>  •?*•  » 

t- -'»?{<'’ V  1^*7-  ^ '  7** 

;^Pl.  l;I”  i  Cc^Er -34  'l-isi! 

I  ■j^)^):  ■:•.  E"; I  1 1 TR  \  50  J  i-i'o  •  r ! n,- .-  R •  m.  ■: :"  •  OOrJGT .  NE ,  H : !'';f ' TR » 
1  uh  '■  ■  1  IN'! :  OO  '  /  'TfllN 
XO!".i!  ;'Ra!m>  JR'-r- 

OOriH; ‘.'1/ JMf'/F. C  J/'CW.  J  'r-F,  ‘..'ch.  J/PuA. 


■■') 


T!-!i:-  rAIJ.tRC'UTlrt" 
D,-  T^(;-  K-FCEl  ••ri-' 
key  0Ar<!i.--,BL.E3 

XR.  VR,  7.R' 

D'‘ ■  , 'OZ- 

R.  STS'/MGH"  L 


'.■OKRUTEL'  AiM;.'>.  CP  'J--‘'.-fE..  HE  PARAMETERS-}  MCAH-'SPEj 
•O'  EaO -■  CMTrTEK  If  T’JRMS  ON 


':Q0K.0i‘.AT£;5  i-~  •..‘I'JNAL  COP.TER  PLA  rPOHM 
<  MSTAi:'.E  BErHi;.EN  EHITTEH  AMD  S  S.  PLATFORM 
■iE  DIETAHCE  BETOEEii  Er-uTTEF;  AND  PLATFORM 


SL-  5ir;!-i.CcL 


JEtOi  ?<v  otgna: 


OP  TLR 


ABZ  angle  o£..cEEN  CEH;Ef?4.iN£  OF  ;>ITTE(<  AND  S.  3. 
NE.  N'JN'GER  (>"  EMITTEP;}.  TM  THE  EiavlRONHEM  f 


PARaHE  iTJRL  -'J!.;  •Xr.I  TR  <  0,  ■■•  J ;  COEl;'  NOAOEJ 

i-DX>  2-Dy,  3--l:!,LrT£R  FONE.ft,  4-MAIMLODE  SIZE,  S-SIDELOBE  LOSS, 
6~MA,\.  ANT  7-BCaN  RATE,  H-PRI,  V-i-LM.SLE  WIDTH, 

iO~FR£QLCNCV,  i -ON  TIME.  1  v-orE  TIME,  iO-PLCEIVER  POWER, 


14—  ;  mA,  ^  -  A’*"  P  LaO  • 

i9“,'lIN.  ANT  --'.K.i-E'  20- V' 


i'-N  i 


j&.Lr.,  IS-DZ, 


•VV,  ;22--.’Z,  , OS-EMITTER  TYPE 


0  • 

DD  3  v-=i,NE 

IF<,T)ME'. 'OT  E'O.  7k(  J.  12w  HO  TO 
I F  ( E M i  TR  J •  t  1  1 .  GT.  T I MP2 ) 


hj  1 1 ' 

EhITR  (  J,  17  i=L.MiTR  <  J,  17  )+r.MITR  ".•  HIMITR  <0,  9) 

IF  <  EMITR  ( .J,  r.  7  )  GE  EMi  TR  (  .*> )  )  EMI  TR  ( J,  7  'i  =-e!TlTR  <  J,  7 ; 

IF^EMITR^J,  17'  LE  EM  1  TR  (  J,  19)  )  LMI  •- R  •.  j,  7  >=:..EMi TR  < 0,  7  ) 

I  i*  1  Lli^!  V  i  K  \  0:  L  i  )  wt”  .  W  /  i  W  J  v.^ 


to 


11 


CAl.COLa.ve  »ij0.f:L)M  FOR  COLLISION  C-ijkSE  EMITTER 
DX=EH “TR  %  J,  1 t-\R 
DY=EMITR(v;.  ■-:  •-  '’R 
0.Z=--'£M;TR(  J,  ifl'-ZR 
R^SCiP  T  1  DA‘> ■"  L  y-^DV +D/.’!.DZ  , 

EMITf;  I  J,  20  >  :  I  *D.Y /R 

EM  I  TR  1  J ,  2 1  )  =t-0  0  -^-D  Y  /  R 
EMI TK  ^  J,  22  1  -.‘.CO.  *DZ /P 
!F  IE.MITRl;.-  I'l/.  £0.  0;  00  TO  1: 

C  ALC UL  A  i  £  ?  Q-- :•  ■;  r  I OI i  FOR  i-iO’,’ !  NQ  EM  .f  T  "ER 

EMI*  ;1J,  t>--=i:M'.'“'P<  J,  i  ■>4EMI''R“:  J,  20  i'EMITO<  J,  S) 

EM :  .0,2)  I  TR  <  u,  2  f-EM i  TR  •  J,  2 1  •  i-EM  J  I'R  >:  J,  8 ) 

EMI  '  J,  i 9  -  I  TR  <  j,  18)  h-EM  1  7:2 )  *EM  i  TR  ( J,  S ) 

CALCUL.ifE  PGSinON  .-OR  Q.nT-rr.-f, 

Dx=EraTR(  J.  -1  )->;r 
DV^EMITRI  j,  2.-  -YR 
DZ=EM.''TR<0,  l.:i)-ZP. 


■■vtjCALCULATE  THE  DGA 


I F  ( D7  N£  0  ;  O',  I  TR  ( J,  ID'  «ATAN2  <  DV  •  D  X  ; 

IFliT/X.EG  >7)  AND.  LDV  EO  0^  L'MJTP  :  J,  15 ) --D 

IF<EM,.:  TF.  lO.  •.  H  .  LT,  0)  c.M.lTR  =  J,  J  5>-£:r-i  fTR  (0..  t  5)+S.  2332 


DETECTJ-j.N  Or*  T-ii,.  E  IDEi  ...iDE  jHjWER 
5L--0. 

e8.g=^'*'iTF  ■ 


■) 


iF<Ar.F  5T 

J.^<ACE.  !.T  0  .'~n£-AB?:  +  ‘-  20:-'2 
-'>1?!?'*  i  ■  •'  „* •  15;  - APrI~.  ’  4  * 

Li7.  ■  .t’  I  >  H  s  >.ij  4  )  >  40  •  0  4 
5u«EMlTP.>->-  5J 

CAl-COLATIO^J  .‘-'-r  RECEIWIP  P!.!U’£P  I'-^V  .i  T'ME  OF  ARF.TVmL  j  -  • 

JJTTHREJi  FRl  K':  .j.  rf):i  Ainj  IinF  V}piv-.rr:  11)3 

P =50R  T  •;  D  ■>  A  >'  '•  0  V  0  ■; '  r- • 

EMITf-UJ.  :  B  •  ==i:m  Tn- •:  J,  i-CONSf-P-'l .  algo  1852.  )~SL 
EMITR\J>  ;4)-t:.riiTR<J,  [j  o -x  lO  /<•»&;> 


;f(j.  FO.  ■?;i  ^.^!:: 

TR  <  J<  B ./ "Eri  J  ('F  ( w>  i,  i  i-h ;•-!)  V  ii-SAiJ > ■;; 500.  *iO.  6'RNij  .  iiVjif';.' 

c 

r- 

i  ^^ISu.  ■Kio 

EMITRvx.f,  11 

[  ‘I'R  V  J  J  1 1  >  i  fIM  i  TR  ‘A  •  8 } 

IF<triiT.R J;  ll  • 

L  £  EM  i  TR  (  J .  1 4  >  :•  X  VF  ( 6.  20  >  0 

20 

P 

FORMA  rs2X.  'FRI 

TO  IM  J=',I3) 

W 

CALCULATIO'Nj  !'.:w 

FREQUi:;JCY  HL)PFi<MC  FMi  TIERS 

, 

IF(  J.  L£.  v.iZFh  > 

Ef':lTR<  J.  lO>-'EMJTR<w'.  .VCO^-.O.  B+0.  4*RND(  IRAN) ) 

J 

3 

CONT.TNUE 

i 

60 

FETUkM 

END 

, 

o  a  c'5  c>  Ci  a  a  c» 


'.^*if’'*^''J^’^'*J^?('..VR  v-^rV'-f*****.*  s  i« '. -•  <*v^«j<-*i<“  vic-t  >•:  •>•:  •<4“V‘5-  >--r  ■>**c  vs? '•••«.  •I"  S'^r->'jv*j;  4t--J#-*Stf-*s- ■j{-'iS--5i-«.',. -^if .;,. 

« 

C'fr'9"»-«"i*'*'i>-*'#>-t  K-a  «‘3-'t  5  >'!--*-5i-J»-js-»f.)'  -■!  ■):  ■<-->■!>■■;>>,■  ;:  •>•.-.►•!•  -I  •'.  •<»•■!»■*■» •«■■!' -ft  ? 

■:  FiL^  r-:vr;=; 

5^.■^R0;.!TI^L•  RC-.R 

c  ’• ;  ■')  r !^:=L  I c  I T  T ^^r•I^-•IF■lt4  i  ^  -fi  - 

CCTiMOW/EMI  C,  ttUTR  (  bOO.  c'b  ) ,  Tin::.  xR.  VF,  2(i.  C'/iMST.  NE,  tilMF7H'. 

:  i:HITDn'?';'0  •  •  TnlN' 

CC’M!i01'’/r'.ANn<  i:‘;An.  JRAri 

CGMMtjN/R':^'/  tVr=A,  IF.REG.  IFU,  ITUa.  IMUiv.  'JL<  Ifti  >  -  A,  13,  IRTAO,  H  rxR.  J  ■! 
C0MMnM/l.;-CVR/i-:CGUFct34>:  LRIGUFioT.  b  >  T.ACEl.Lt  16) ,  aCELI.'.  16). 

1  RIB  (*,4.  c).  IMP  1 64) .  UViBT.  RC  fEiX.  LRISI/,  I.RIT 
CGNMOM/JiiP'-IEF.  J2CW.  J2Pv.  JZFH.^  J/;>OA.  J2PR1 


THTJ  RO'JTINE  :}£TFC!S  INCQMJW'^  SI<7MALS.-  MEAGURES  EACH  PARAMETER 
AMD  STORES  TH'.:  DATA  IN  THE  RECEIVER  OUTPUT  DUFFER  (LRIBUF) 

KEv  VARIABLES 

VXR:  data  transfer  P'LAG.  O-DaTA  REA5)y  FOR  ASSOC  FROM  r'CVi" 

A -NO  DATA  READY 

IRT4G;  FHQCESSINU  FLAG'  1-DAT.-.  IN  IMBUF  WAITING  TO  BE  PHOITISACD 

0-A  BUFFER  ELE.MEMT  IS  DSINC  PkOCuSSFI) 
TIME:  signal  ARRIVAl.  TIME  AT  HCVR 

EMITR  <  U,  14  ;■ :  VOA 

LRIBT:  CURRENT  SI  ZE  I'lF  RCVK  1^4pL'T  BUFFER  (RIB  ( ^S  *)  ) 

RI2<L(5IBT,  4)-  FECEIVER  INPUT  BUFFER 

4i-rOA,  #E“PW.  43-DaA.  K4-fiCVR  POWER,  #b-FREG 
IRIB<LHrST):  EMITTER  ID  NUMBER 

IP:  .number  of  EMITTERS  ANALYZED  IN  EACH  PASS  THROUGH 

.".-T.N  RE :E TVER  (LOCAL  VARIABLE) 

IRF;  local  FLAG.  0-EMITTER  IN  FIRST  BUFFER  LOCATION  N’of 

SEEN,  1 -EMITTER  .SEEN 

IGF:  LOCAu  FLAG.  O-CURRENV  EMITTER  IDENTIFIED  BV  IP  NOT 

SEEN,  1 -EMITTER  SEEN 

LRXT:  SOFT  FLAG,  1-BWITCH  MADE,  0-ND  SWITCH 


START 

IF  (.iRTAO.  (T-:.  I)  GO  TO  40 
JXR=0 

C  TEST  INPUT  stream  FOR  OBSERVABLE  DATA 
DO  80  U=),Mr 

I F  <  EMI  TR  ■;  J,  1 4 ;  .  GT.  T I  MB; )  GO  TG  80 
C  ADD  PULSE  To  BUF-ER  AND  CLEAR  OLD  TOA 
IFILRIBT.  LT.  64)30  70  81 
WRITE  (6,82) 

92  FORMAT (ax.  'ORCVP  IN  OVERFLOW') 

GO  TO  SO 

81  LRIBT.-rLRIST4-j 

RIB(LRIBT,  i )=EMITR(J,  14) 

RIB(LRIB7,  2).-c:mITR(J,  9) 

P.IS(LRIET,  3)«I-:mITR(U,  15) 

RIEKLRIBT.  4):uf:mITR(U.  13) 

PIBCuRIBT,  5)-L*riITR(  J.-  10) 

IRIB<LRIRT)=.J 

EMITR(U,  14)=EMITR(U, 

C  ORDER  BUFFER  B'/  TOA  IN  .ASCENDING  ORDER 
IF  (LRIBT.  L.E.  1)  GO  TO  .69 
91  LR1T=0 

KP.K-LRIET-1 
Du  90  UU-i.KF.F 
I“LR.T3T-u.; 

U'-l*.  1  _  ,  .  -  . 


IF  <  R  iH  (  I .  I  ■;  i.~  R  10  V  J,  i  )  )  aO  TO  90 
I P;  I  Ji  I  :  -  r  P  !  f:-  -  = 

■V  DGTOK-1..- 

'  FIDO  .  iO-HIFvv;  A) 

92  PiBwi, 
l.RJT=i 

FO  CuNTX^iUE 

•f-'iLRIT  OT.  •  (;0  TO  ‘-1 
C  TEST  OTFFEP  i-HT  POTENT /-l  OOPIRLA-^ 

93  AL.  1 M  -P  I B  •>  1  ■  j  '*PXBtij2' 

I F  <  AL I  rt.  >5E  1 ! M  <_ft  I G T .  W  >  fO  70 

C  initalize 

DO  50  >V=t.  Id 
I  aCELL.  \  K  )  -  •  C  ■ 
aCELL  V  K )  =-  ■  .0  .• 

50  CGNTINUE 
IP==1 
KT^lOl 

C  TEST  FOR  FREC).  SaND 

51  lF<RIB<irM-;  OE.  A  AND  RIB  (IP/ 5 ) .  uE.  0  )G0  TO  20 
IF(  'iP.  i_E.  i)  on  TD  16 

00  TO  17 

C  TEST  RECEIVER  SENSITIVITY 
20  IFXRIBdP,  4/  CE. -500.  >50  TO  42 

Ip<IP.  La.  l)Ou  TO  i* 

50  TD  17 

C COMPUTE  THE  ?Oi;r..P  IN  EACH  ICELL 
42  ANGLE* 1.  570S 

LO  2  X CELL  -1.  16 
ANGLF.*AN5LE-  1963 
IF  (ANCLE.  LT.  C  >ANGLE--'6.  2S32+AN-SLE 
Th  ..TA=ABS ( « IB  »  IP,  3 )  -  ANGLE ) 

IF  < THETA.  Q  f.  0  1416)  Ti-iETA*6.  2832-  THETA 
ITHETA=THE7A^=57.  295S+1  5 
PT=Ria(IF.  4)+SL(ITHETA) 

C  TEST  P{DWER  AGAINST  PRIOR  LEVEL 

IF(PT.  LT.  ArE;_L(ICELL/ )  GO  TO  2 
I  ACELL  ( I  CEuL )  *  .1 P I B  ( I P 1 
ACELL (2 CELL i*PT 
2  C-ONTTNUE 
IRF*0 
10F=0 
PT=-500. 

C  FIND  BEAN  WITH  MAX  FOW.ER 

1  DO  IG  ><=1/  16 

JF(IAC.F.LL(M;.  EQ.  101)  CC  TO  10 
IF<  IACELL(i<.)  E&.  IR1S(XP)>  IQF=l 
IFdACELLCA).  NE  IRIB(i))  GO  TO  10 
IRF=1 

IFdP.  NE.  1'  GO  TO  10 
IF<ACELL(y.).  LT.  FT)  GO  TO  10 
KT»K 

^  PT=ACELL<K) 
l6  CONTINUE 
C  INTERPOLATE  U0-. 


IF  (IP.  NE.  l.>  GO  TO  33 


LU'-KT-f  1 
LL-.KT-1 
IF(KT  EG  1>  a! 


32  ' 


ir  (AC^LLV...  >  ;;E.  AC£LL ( LU o GO  Tf)  31 

V  ~i>i  !  -i  .L  ( K  T  ~  ur  ell  LU 


V  IF'Ia.  i.F.  6  ■ 
Ou  TO  33 

31 

X^.ACELL^-'^T 
:F(X  GT.  1  1 
IFO;.  i.E.  11 
IF  (  X.  LE.  t}  • 

33 

CONTINUE 

•A 

v* 

TEST  FOK'  PUu 
IF  (IRF.  GT.  ' 
irap  LE.  1 

c 

MODIFY  PULSE 
nIB\U2>-R 
GO  TO  13 

14 

IF(1F.  uE.  : 
IFCIOF.  GT.  ' 

C 

MODIFY  SUB3E- 
RIB(  iP,  1)=, 

17 

IP=IP+i 

C 

TEST  FOR  OVEl 
IF < ALIM.  GT 

C 

TEST  BUFFER  i 

18 

IFILRISIZ.  1 
WF;1TE<6.  33 

O*^ 

Ww 

FORMAT {2X. 

^  GO  TO  16 

C\;^ 

v  /  \  /  \  /  \  /  \  /  \  /  \ 

C  KEY  VARIABLES; 

C 

LRISIZ; 

LRIBUF<*>  #)  • 

w 

IDOA,  IFREQ, 

C 

RCB«JF<*>; 

RCTLCC: 

RTXF; 

c 

TIR: 

«■  IC-SL^O 
■■'•  .DEu==i 
IDEL=.^ 

'••  ■-iCEuLtLL  ' 
-  ■  iDEL^^i 
‘  iOEL-O 
.  iDEi=~ 


/\.'  '  /\,'\/\/\/\''  \/\/\/  v/\/\/ \/\/\/\/\/\/'./\/\/\/\/\/\/\ 


t'.'HRENT  SIZE  (>■  OUTPUT  BUFFER  tLRIBUF) 

«i-DDA,  #2-FRtG,  #3-PW.  #4-T0A>  #5-EMITTER  ID# 

IPW.  ITOa,  aNUM; 

Ou-TpUT  VARIABLES  FPQf-l  RCVR.  IMUM=EMITTER  ID# 

T.;^’.E  AT  WHICH  PRGCESSINfe  OF  DATA  WORD  *  IS  CDHPLEfLI 

LOCAL  TIME  IN  RCVR 

RCTLUC  FOR  TRANSFER  TG  ASSOC 

PROCESS  STEP  TIME  OF  RCVR  <.  lE-A) 


C/\/\/\/\/\/\/  '’\/\/\/\/\/N/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

41  LRISIZ-LRISTT-l 

C  QUANTIZE  THE  DOA  EETWEEM  1  AND  64 
LRIBUF(LRI3iZ,  1  )  =  (KT^^4)-2MDEL 
IFIUZDOA,  EQ.  0)  CD  TO  52 

C  MODIFY  DO  A  ■B-s**^*  ONLY  FOR  THD3F  EMITTERS  WITH  D0A=3 

IF-:i.;llBUF(LRTSU,  i  )  NL,  8)  QO  TO  52 

Y»“HND  <  IRAN )  --‘-3.  + 1 . 

IF<V.  LT. '‘1)  v=.*i. 

Ir'.Y.  CT.  1)  Y-1. 

IDOACK=Y 

LRIBUFCLRISIZ,  1  )='LRIi?UF(LRISIZ..  D  +  IDDACK 
C  if  *#4*  •«->■)»•  h  •H-H-fc-'S- 

Quantize  the  freo  between  i  and 

X«R3B  {  i ,  5  >  -2,  10.  *-B9 
LRISl'F  i  LR I  Si  Z,  P. )  '-sX*4095.  /  C  1( 

QUANTIZE  the  PULS.E  WIDTH 

LF I BUF < LR I S.T Z .  3 ) »R  IB  <  1 . 2 )  5*10  «vs6 

QUANTIZE  THE  TL'A 
TOAD^RIDC,  i  '/i  iO. 

IF<T.DAD.  LT.  2  00  TO  68 


sjf* 


LO. 


GO  TO  67 


:ONTTr,uE 

•-.r.  .1  !}<)?■(  L?.  I . ,  -  .  —  T UAl.' 

STuRH  EMITTER  i'^’JMSER 

LR  I  DOT-  ( LR  i i .. .  5  > = I R I  ii  •;  i  > 

POP  UP  STACR 
DO  19  vJ=S ,  t .!  •  ;■  ii  7 
I  -  J”  1 

IRII3{  1 )-  -  “.ri-!' 

DO  19  K-i/’:' 

RIB(  T.  K)--Rli‘  .N.‘.  K) 

CONIIMUE 

LRIB“-LRIBT-] 

GO  TO  92 

TEST  FOR  MOD-J:  E  PROCESSING  COMPLETE 
IF  IRCCUFtS.RfSIZ).  LT  P.CTLDC)  GO  TO  c9 
IF  < RCTLQC .  I .E  0  )  RCTLGC^RCLHiF  ( 1 )  -T IR 
IFILRISIZ.  GT.  i)  GO  TO  40 
RCTLOC-^RCBUF  ( 1  )  +  TIR 

GO  TO  15 
IRTAG-0 

STORE  PROCESSED  ELEMENTS  IM  OUTPUT  ARRAY 
ID0A=LR1SUF< 1. 1 ) 

IFftEG-LRISUFIi, 2) 

IPW«LRIBUF<1;  :?> 

ITOA«l.RIB<jr<  1.  4) 

INUM=LRIBUF< 1, 5) 

RTXF=RCT:.OC 
PGP  STACK  UP 
LRISiZ=LP.IS.!2--l 
DO  30  I  =  1 »  LR  A  S I Z 
K=I  +  1 

rtCBUr<I)=R(;RUF(H) 

DO  30  U=l.  5 

LR IBUF  ( I ,  J ) --LR IBUF  ( K,  U ) 

C0^4TINUE 

RCTLDC==TIH£  WHEN  PROCESSING  CQMFuETED 
X=RCBUF< 1 )- RCTLQC 
IF  <X.  LT.  0.  ;  PCBUFd  )=RCTLDC 
FCTLDC-RC2UF>'  T-^^TIR 
TEST  FfTR  MODULE  PROCF-SSIIMG  COMPLETE 
T=RCBUF  <  LR 1 SI Z ) -RCTLQC 
IF(T.  G£.  0  .  AND.  LRISIZ.  GE.  2>  JRTAG=i 
RETURN 
END 


j  o  r»  o  »•>  <  j  o  o  o  r.  o  o  o  o  o  o  o  o  o  o  o  o  <  >  o  r>  1 1  r.  o  C)  CMrkC-t  a  d  ci  i  j  n 


S'  ■v  ’* * <  /'•''  "S  "li •■'  •rf  ■!■  •ffr'i'  >V"fc  #4l  *^'>  ^•^^'^c'i^ ■?•  is*  t'*  }<■•<?  *- 

:  J=^If.£  A}->R3  “r-v 

•i‘,‘l3r<G'-''T  INE  r-.';  ■.-.jC 
C'-.')  IMPLICIT  IN'tf:v£!?-»4  (i-H) 

lriTEv.?R  '.I  Ai'i'.'.'iA-  CAr^-RG.  CAr-iPTR,  CAhL'jr 

.  CQHHON/RC  v*.'  iGQA;  I’=’fth.U:  ITOA.  livjUt-t,  i.V,.  (  ull  ) ,  A.  3»  IRT AG>  PT/.R  .■  ’.i  '  ?  ' 

COliMOri/Ao/.-iAG.  UTAG.  A5  7;('.  Ixr<A; .  A.  ’I  Irt.  i-JAB.  IWRITE,  UAD 
CCMHUN/Ur-‘/vA!';MA(fe^)..  CA’MFRIH  64 ; ,  ICMF'R'/  •64)>CArtPTP 
*  CCHMfh'J/UF'G/CAi'ij'UP  ':■) 

COMMQN/LASO'v  /TBP,  TLOftD,  I'li-M,  NE4 
CC'MM0.N/Fri/i..<'-iV.jrF(64.  4>,  xnu. 

1  LL'DC  A*'!  X  GG  .V .  o 4 .  3  \ ,  L.L'vAl’ir  <  256 ) ,  ...IV  AMV  -.  Gbr,  > , 

2  :IWLT1.  IN:.  "2,  iNLT3 

COMMIjN/STA  r/NI-iCNT.  HCr4T,.  i-1AX-a,  MAXCAi>U  MAXilPp.  TnAXTG.  NCl-JL.  IHUn 
CONM(:';'4/LA3Pit.-!i.:>:FR<B2  V  LAiGiZ.  ABTLOC,  ABTLGP,  IDEL»  NMOfi.-  WUIPH, 


ASSOC  ACCEPTS  OA f A  FROM  PCVH,  PERFORMS  AN  ASSOCIATIVE  COMPaRISDM 
ANC  SENDS  UNMAfCF.ED  DATA  TO  MPPR. 

KEY  VARIABLES; 

JXA:  Data  •  TRANSFER  FLAG"  O-DATA  READY  FOR  NFPR  FROM  ASSO.' 

i-NO  DATA  READY 

IATAG-:  PftOCCSSiNO  FLAG;  1-MORE  DATA  IN  CAMBUF  TO  5E  PROCESSED 

0~A  BUFFER  ELEMENT  IS  BEING  PROCESOCO 

NEIJ  data 

LAISI2;  POINTER  TO  SIZE  OF  ASSOC  INPUT  BUFFER  (CAMBUF) 

CaMBUF(LAI5IZ.  if). 

'  V  ?1-DOA,  ^i2-FR£0.  ^O-PW..  #4-TOA,  #5-£MITTER  ID)4 

>N£A-  NUMBER  OF  EXTERNAL  ARRIVALS 

RCXFR<LAIS:Z);  TRAN.SFEC  TIME  FOR  EAC.N  ELEMENT  FROM  RCVR 
ASTLOC;  c.OCAL  TIME  FOi?  ASSOC 

TIFM;  INSTR  TIME  TO  LOAD  A  DATA  WORD  INTO  THE  CAM 

ASTLOP;  PREVIOUS  EXIF  TI>,E  FROM  ASSOC 

TLOAD;  i iME  AVAILABLE  TO  LOaD  DmTA  INTO  THE  CAM 

MAS;  CAM  MATCH  FLAG:  O-NO  MATCH.  1 -MATCH 

MCNT;  SJ'.>M3ER  Or  WORDS  MAfCHED 

LCSM:  (LOCAL  VAR)  POINTER  TO  MODULE  NUMBER  FOR  LODCAM 

LBCAMP(!-C3M)  POINTER  FDR  MODULE  LCSM 

LC3U.FF<1,#)-  LO.AD  BUr-TER  TO  THE  LIST 

iii-DOA.  #2-FRE0,  -frO-MTOA,  ^4-PRX 
LODCAJ-U  tf,  *,  Tr) ;  >LIST)  #i-DOA..  itO-FREO,  443~PRI 
TIA.  If-iSTRUCTION  TIME  TO  COMPARE  A  WORD  WITH  THE  CAM 

IXr{l-6);  QU/PUT  ARRAY  FOR  UNMATCHED  WORDS 

#i“DOA.  ?42-FREu,  •StS-PW,  #4-T0A,  tJS-EMITTER  ID«. 
#6-MATCH  FLAG  (MAS) 

•TNL-  PG2.NTER  TO  SIZE  DF  LCBUFP  STACK 

A^XF;  ’P.AKSFEH  TIME  OF  DATA  FROM  ASSOC  TO  MPPR 


>N£A- 

RCXFR<LAIS:Z): 

ASTLOC; 

TIFM; 

ASTLOP; 

TLOAD; 

MAS; 

MCNT; 

LCSM; 


START 

UXA=0 

IF  (UXR.  EG.  0)  GOTO  7 
IF  ( lATAG.  CE.  1 )  GO  TO  20 
CHECK  FOR  8UTF.ER  OVERFLOW 
-  :C^  IF  (LAI  SI  2.  L7.  03)  GO  TO  11 

IFdWRITE  07. 0)  WRITE(A,  12) 
t2  FORMAT  (2X.  GVGPR  OVF  ' ) 

GO  TU  31 

C  STORE  INCOMING  DATA  WORDS  IN  BUFFER 
11-  LAlGI7.=Lr^IRJi•^1 

CAMBUF  (LAlBT  c.  1  i^^IDDA 
..CAMBUL(LA:S!;.2)^2FREG  ■ 


CAM]3L!:-<LAI<;i  ..  2>  =  IPU= 

'  CAHBbF  <LAIF.J ;-.  '1,^  jtOa 
C AHBUF  ( LA  I  ‘.V ; .;'  •  5 ;  —  I NUr'i 
HLA-NEAi-  i 

RCXr.«<LAT-; !  ,:  --.-FTXF 

TEST  FOk  rtAX  iJjiTErt  biiL 

IF (LaT GI  .r  r  .-.AXCAM)  i1AX‘.Mh---LAlF I 
TEST  FiR  HODbL^,  aroCES^jJ  NA  OUN?T_ETE 
IF  <HC>FR<i.a:;SU).  L-7.  ■•  dO  fd  “.9 

IF<  ABTLO:  l.T  ACxFR  { 1  •'  ••AST!  .OC-^-i<-r).i-R  •;  l  ^-i-TIA 
I F  <  L A 1 S  !  r .  LT .  !  i  '30  TO  20 
JXA-i 


RETURN 


20  !ATA‘3=0 

C  TEST  FGH  Can  L-j-\‘.>ING 

TLOAO--=RCX^V;m  .'-ASTLOP 
IF(TLOAD.  LE.  riFh)  GD  TO  'nb 
CALL  LCAM 

C  TEST  FOR  ASSQCT-^  riVE  HATCH 
55  CALL  CAM 

C  CHECK  FOR  WORD  riATCHED 
IF  (MAS.  LT.  1  )  GU  TO  60 
MCHT=-.MCNT-rj. 

C  LQaO  lodcah  fron  cahsuf  and  update  ntoa 

LCSr!«(  IC.HPRi  (MAS)  i-CAHPUF<  i..  4)  )/M3IT 
LC3M=M0D  ( LCSM,  I'iHOD )  i 
IF<LDCAMP<LCSM)  GE.  NWPH)  00  TO  iC 
LDC AMP  ( LC  SM )  -LDC  AHP  ( LC  SM  >  1 
LDUH=LD-CAiiF(uCSH) 

DO  m 

LODCAi'ULCSH,  LOUH,  I  )=CaHI5UF(  i,  I ) 

58  CONTINUE 

LOPCAM<LCS.M.  LDUH.-  3)  =  ICHPRI(HAS; 

TLOAD^TLQAD-TIFH 
50  TO  10 

60  IF(!WL.  LT.  i  )  vD  TO  6.1 
uCSM=LCBUFr-  ^  i ,  3)  /NB  IT 
LCSH=MOD  ( LCSH.  MHOD )  I 

59  ir(LDC.AM»(LC3M>.  5E.  NUFH)  GO  TO 
LDCAHP  ( LC3f-l )  ^l.DC AMP  ( LCSM ) ■+■  1 
LDUH-LDC.AMP  ( LCSM ) 

DO  62 

62  LODGAH ( LCSH,  LBUH.  I )  =LCD'JFF  (1,1) 

LODC AH ( LC  SH. LDUM,  3 ) =LCBUFF ( i ,  4 ) 

TLDAD=TLOAJVT.lrH 

C  POP  LCBUFF  STACK 
INL=INL-1 
DO  63  I=i.  JNt_ 

DO  63  J=i.  4 
IIal+1 

63  LCBUFF  ( I ,  J )  =<-CEUFF  <  I  i .  J ) 

C  STORE  UNMATCHED  DATA  IN  OUTPUT  ARRAY 
6L,.  DO  65  1*1.5 

I XF  ( I )  *  C  AMBUF  <  i ,  I  > 

IXF<6)*HAS 

<?  SET  TRANSFER  TIME 
ATXF=ASTLOC 
c  POP  sta<';k  up 
10*  LAIS1X=LAIB1  J{“  .1 

IFdWRITE. 'FT  0,‘U’RITE(6.  exCAMHUFd,  I)..  J=l,  4) ,  LAISIT.  ASi!  TC. 
■’  C  AMBUF '  '  ' 


w<r<*v^WTW  !^ '  nm  j  i.  wwNw^ac*. 


FORMAT  <  IX-  'A’-3>^K  ' .  51 10,  3X .  KIO  3-  I  'I ) 

DO  70  1  =  1,  LA  i  SI  I 

“•  T  •%•  I 

R  C  X  r*  A  <  I )  =F  C  >. " . '  *■  ^'^ ) 

00  70  J=1;  *• 

C  AMBUF  (1,0,  •••'■:  AME IJF  <  ^  •  ^> ) 

CONTINUE 
UPDATE  ASTLC, 

aFP  1. 1  ,‘ .  M5  h~0C;  H- jxpr: '  1  ; -•aOTL.UC 
STORE  PPEviO-O*  ..iJCAL  CeMFuLV  ION  riME 

agtlop=aet:,  uc 
ASTLOO=RC  Xi-R  <  1  ?  -f-T!  A 
TEST  FuR  HODUi-C  *-‘RQCtSrJO'i'C  CuriFLLTfJ 

TF(RCXrR(i.A?'*>,:i; '•.  GE. -APTLOC  AND  I.AISIZ.  GE.  2>  lATAG-"-! 

i  r  ( L.A  1  tvl  i .  '.'L .  c- )  -ATAvi=l 

RETURN 

END 


«wjii^  JW'!fSIB8B89>iiil!IB» JllWUu  ^swegefsewow 


■»■;*•'»•>  >. -r--i  <  *■  ■(>'■!;■  <■■*>•,•»■•?  <-•>■••  -,►■-  .'■  ■/  ^^■)^•■)^ •»■#•«•»■«  (>■?;••? >•.  •  .■  -sc  -j 

-a  -IJ-'i  •>  I  -i'  <.-i»-»-V  <-!>v  -f'tt-^'.'-^  ■!>■!■<••»  ,>  •  i  1(  ft-*,  ■*s-s*-+-lHm-M"«-#'«-«--p-^r«-Sr*-fH‘--!>'?-K  -‘<-‘, -ft  ft?,  ft 

£'JwR uvT  I  r-j r'  A*' 

-:  IMfLi'JT  ;^cT?l•-'n•ft'i•  :--M) 

■  ■•■•)  INTUCF.R  CA!iLNA%.  CAi-'iFRCi,  CAI-'FTR,  C;i'‘!RUF 

COhMUrl/A’-r-.-'MAb,  IaTa:?, /•.TXF;  JXA  TIa-  MAS.  IWRITF.,  LAD 

'  COriMON/UP/LA.ri;,-CiA(  t<4 )  ,  CAr’irKD'ft.A  J ,  iChf-ft^  CAMPTR 

:.jMrin!*i/Ur:7'CA!-:5LF<:j^  *5. 


4M 


5^ 

% 


s 

Vi. 


c 

c 

c 


THia  RDUilNF  !'r-:A"'URh-o  A'J  ASLCiCIArrvF  C‘J:K-a;<1DDN  of  the  rUF  OF 
THtE  CAM  BUFFER  At'-iO  THE  "Al-!. 
key  UARiADLEa 


MAE , 
r4AS; 

GAMDOa< I) 
CAhFR<i<:  I ) : 

U  aA', 

CAMBUFt  i,  1  / 
C  AMBUF  <  1 1  2  ■> 


fi--YrCA-  FLAG  O-ivU  MATC.-t-  I-r-lATCHWDRD  PTft  IN  CAM 
F;f  :'E  OF  THE  CAM  f-fr  OF  CaH  REOIOTERS) 
r.:j-^'.  FIElO  of  word  I  If  CAM 
ca:*f:fr  fkeouehcy  field  of  word  i  in  cam 

D.y.-a  transfer  FLAi3-  O-tiATA  READY  FOR  MPPR  FROM  nOC-ijC 

1-Nu  DATA  READY 
Ff?A  FIELD  OF  CAM  BUFFER 
‘-f-EGUENCV  FIELD  OF  CAM  BUFFER 

:.aMBUF  ( 1  i  3 ) ;  PW;  CAMBUF  ( 1 ,  4 ) ;  1  DA;  CAMBUr  i  l,3):  IDv^ 


M 

I 

i 


C  START 

MAS=0 


53 


iOO 

5 

30 


DO  IOO  1  =  1,  NAS 

IF <  CAM3UF  <  I ,  t ) .  N£.  CAMDOa  ID)  GO  !  0  100 
IF < CaMBUP’ iX,Z).  NE,  CAMFRO 1 1 )  )  00  TO  100 
IFdWRITE.  OT  0)WRITE<.A,  11) 
format  <  3X  'ASC-OC  MATCH  M2 ) 

MAS=I 
UXA=1 
GO  TO  SO 
CONTINUE 

IFdWRITE.  OT  COwRITEi-S,  5) 

FORMAT <5X' WO  r-A'iCH  IN  ASSOC') 

RETURN 


I 

I 

I 


x| 

I 

4$ 


Ai*t  **  'J* ■  t' *>■•■' ■rt  if ‘^^■■^*  if'/ "  •i'- '>  *.?  1*  1  •*.  ‘  •*■;  ;  •-  *‘ " ' +•  S- J'- -ji  >  if -S' *(f  if  *2? -if -fe  ■>  sf  ■if'P' if  if  '  v-*k*  u '-r  n.  i*  Jf -i!  i' 

frif  if  if -K  1' ■*>  “*"•  4  if  if  if  M  i;»if  ii  i^*2r  If  jt  if  fc  •>,’  j 

:  FILC  i.CAMj  -7^ 

5"JBRi.'‘JTINE  i.C'-.r-! 

■:  )  i,''>:-'LJ(:tt  i'-JiKver'»4  <i“fy.> 

,  irJTEOER  CAr';£v  CAHFRU.  CA~tr-  TP 

CCiMmW/LAi£!-'i':^rV^VFK<j^').  Ar'Ti.Or,  A^i'iL.OP,  IDEu.  U!lCO.  MWAfi,  ijj  Z  ■ 

.roMMffrj/AC/NAA.  iatag.  Ai'xf-.  i';r(6>.  .rc/-.  rUi.nAS,  iwrite.  lao 

CQMMOi-i /F'-i/'AC  =j\ >;-•=  < 64,  '’  •• ,  INL, 

t  LODCA^  (  =  44,  3  > ,  I  ’  GA-i.--  (  P6t,  ■  •  ‘Jj<.  V.X  <  256  > , 

2  INLTi.  TNL  :%1,  INLT3 
CoMM.)N/LA3fJC  ■'  fEr  .•  TLO-m’.'.-  I'i'l-fi.  PjEa. 

COMMON/ UrVGAl'=GOa(  64 ) ,  C  AHrRU '.  a4  '  .  iCMPRA  <  <;4 1 ,  CAMPTR 
COMMON/STA  I  /OhCwT,  MCMT.  MAXu,  liAXCAi'i.  MftXMrP,  TMAXTQ,  .MCWL-  IM-LM 


^*THIS  ROOT  I  ME  LO.vr.-?  LGDC-“''  PKOM  LCbOr'i-  AM3J  ALSO  LOADS  THE  CAM 
FROM  LOuCAM. 

•»THE  CAM  IS  LOADED  ONLY  L'HEM  THE  CAM  IS  MOT  DOING  A  SEARCH. 
THE  CAM  SEA-a\'.H  TB  DONE  ON  REAL-TIME  AND  HENCE  HAS  HIGHER 
PRIORITY  THAN  TWr  CAM  LOAD. 

*TIME  BETWEE.N  SEARCHES  IS  USED  TO  LOAD  TrIE  CAM  FROM  LDDCAM. 
KEV  VARIABLES: 


C  ^CSM; 

>;  '4.dc.amp<:t;' 

C  LDC.AMX(IT) 


I ML;  POINTER  TO  SIZE  OF  LCEuFF 

MBIT;  .'••iUHEER  OF  BITS  SHIP  TED 

NMQD:  NUi-iBSK  OF  HOOULES 

NWPM;  NUMBER  OF  WORDS  PER  MOOUuE 

■'LCSM;  HOO'JLE  NUfDJJER  (LOCAL  TO  LCAM) 

•iDC.AMPCT;';  POINTER  FO'*'  MODULE  IT 
LDC.AMX(IT):  MAXIMUM  VAi.UE  Or  LDCaMP'IT) 

LQDCAM(MO0#,  PTR,  D.A  i  A~£LEMEWT  > . 

LIFT  FOR  LnADING  CAM.  LCiADED  FROM  LIST  BUFFER,  LCBUFF 
L03XAM(*,  .t ) :  DOA 

L OTX  AM  ( *,  *,  0 ) ;  FREOUENC':’ 

I..O.OC  AH  <*,■«■,  3 )  :  p  R I 

LC3UFF<^,  #) ;  IMFUT  BUFFER  TO  THE  LIST,  INCLUDES  DATA  MATCHED  IN  T;,-,E 
CAM  AND  THE  ARRAY  r-ROO;- bSORS 
^fl-DOA;  +32-FREO;  #3-NT0A;  4i4-PRI 

TIFM:  iNSi'RUCTIDM  T.THL  TO  LOAD  A  DATA  WORD  INTO  THE  CAM 

TLOAu:  T'lM-T  AVAILABLE  TO  LOAD  TJ-IE  CAM 

CAMPTR;  PHIf-TER  TO  NEXT  CAM-LOAD  LOCATION:  CAMPTR-1=CAMS EZE 

NCi^*L.  TO'T.al  number  OF  HURDS  LO.AUED  INTO  THE  CAM 

C  AMDQA  U  ) ,  CAJ'iFRO  ( «• ) : 

CAM  ARRAY  WITH  CaMPTR  AS  THE  LOAD  POINTER 
ICMPR2U):  PARALLEL  AR.RAY  TO  CAM:  USED  TO  GENERATE  NEXT  TOA 

FJjR  DATA  MATCHED  IN  CAM 

IT:  VALUE  OF  MIDDLE  BITS  DF  LOCAL  TIME— ASTLOC  (LOCALS 


TIFM: 

TLOAu: 

CAMPTR; 

NCWL. 


ICMPR2U-) 


C  START 

•s 

5  IFdNL.  LT.  I)  GO  TO  30 

C  FIND  BIN  FOR  WORD;  IF  FULL,  DO  MOT  LOAD 
LCSM^LCQUFF-:  i ,  v3)  /.NBIT 
?T:’5  LCSMaHOD  <  L<3SLi,  NMOD )  + 1 
iS"'  IF<LDC.AMF(LCSrt).  GE.  NWPM)  GO  TO  SO 
^9  LDCAMF  (LC3H>  ^-LDCAMPtLCSMI  s-i 
JJ.-LDCAM.P(LC.1?M) 

C  .WRITE  IN  BIN 

DO  20  1=1,  2 

20  LGDCAM ( L.CSM.  A.',  X  )  =LCD!  FF  <  1  •  I  > 


1  T=AB  'f  LOC  *  1 0  1  ^>A+LAD 
IT---JT/UBI" 

IT.  N''=jO  ■■•‘1  +  IDi^L 

C  Lu^iD  CAi'i  FROn  I'". Ai^l  IF  '  OD-^.AM  IS  r-iijT  EMPTY 
I F  <  ’  PC  AMF  (  i  T  !  .E  .  0 )  C-  j  T'J  50 
30  C  AhiP  TR =C  AM--' "  + 1 

IFICaMPTF.  v-'T  MAS)  CAMFTn==i 
CAMDlja  V  CAMI"'  i  •< )  -•L.DDCaM  *>  il  >  i  >  1 ) 

CAMFRO  <  CAMP  TP  ;  =LOOCAM  ( IT .  i ,  ) 

ICMPR.I  (CAMP  rP '•  -LGDCAM'.  Ti  •  •  3) 

C  WRITETo.  33  '  I  r  CAMFRai  IF).  ICMFRI  (IP),  LDCAHFdT;,  IP 

3  3  FORMAT  ( 2  Y  ■  '  Li  J  ■  i  ,T  8 ) 

c  POP  OP  lodcam  8r.v:K 

IF  (LDCaMY  ( .IT  » .  (  T.  LDCAf-iP  in') )  l.OCAi‘V:  ( IT  )=^LDCAMP  ( IT ) 

L DC AMF  (IT) r:.-L.DO AMP  <  IT )  ^ \ 

IIII--^LDCAMPv  (T? 

DO  35  i-i,  yri'.r 
DO  35  0=1,3 
11=1+1 

35  LuDC  am  (  it,  .1 ,  J  -  ^lQDC  API  (IT..  11,0) 

C  UPDATE  LOAD  T  IM.-1  AND  ST.ART  A  NEW  IF  TIME  ALLOWS 

TLOAD=TLOAi>  dFri 
NCWL=NCWL-i-.i 

IF (TLOAD.  DT.  T  IFM)  QO  TO  5 
50  RETURN 
END 


KfJv'Mw 


'fr  ■il'»>*i>  *.•<•“•  \'  •>•**■ -U  •*/-  «  •>  i'  <•  •>  A>  4,  ^-*  •'/  '.  H-  ,  “si.  J*.  t  .f.  ^4?  ,^.  , 

Q  •fi’"*  "K  ■tr<  •*  •  *'■"  ,'  ■is  i>  +f  i'*  i  v  -i^  <*  v  <■  ■i*'  •*  i-  '*•  .*  » *  *.'  <••*'  H;  ■K"**’  T"*^  v*  t- ■j'-'i'  •!•  4- 

!  ^I-..*rI  N’‘*^’R2  '■  V\. 

.1  vDROUT  I  Niv  ■’•=■'  '■'  f 

:  '<  I!-r-'L.[CIT  :'j~':-;£fn-e-4  !L-rj> 

REAL  KPT^.G.’ 

•  COMMUN/nP.' V.-i-L;''i  .64.  A';,  3  !  .  LL-  f^!‘:l':..  ."-IVA.^.,  if'lXP,  HAIBUF‘(6^.  T'-.. 

1  i'.iWD 

1  ,IRn.PW  \.  • !  .  NPNt  V  ...A) .  LIA 

CrjMMC4g./AE/..tA.-  j  i.TAO.  A T P .  ^  Tl^..  .*•  aE,  IURITE..  L^l' 

CGMMOi'i/tA- 1  ■  •,  PRli...  !-pia.  NEIO-  r.i.CiM 

COmUK'.- STA  r  /i's;';.':AT,  MCNV  .  j'5A.<C..A-'i,  hA;<Mi-'P.  TMAXTQ,  MCWL;  IWL. . 

G •r‘i''ihUr.i /  '3T A  I  .  O' ; AO,  i  L  ,-■  0 

.GjrlMnN/LM^:--!'  ■  aGXFR  c  l:k>:),  LrilSIG,  !'•.!-■  iLOC,  IBCNT 
^OhMnW-'Pn,  .(:  ■•■  ■■“?■( 64.  A  ),  Tt\i  , 

X  LOOC  AA.  <  rJ:'-  , .  cl.A  ,  3  ; .  i.  i.'f.  .4i'iR  <  55-6  ‘  ,  Li;(.  A.'"iX  <  r‘56 ) , 

2  INLTl.  IN'!.-.:.  :NLT3 


THIS  ROUTINE 
LIhITB  MATCH. 
i^EV  VAR  I  ARlEE 
IMTAG; 


U1IS.IZ- 

IBCNT; 

MAIBUF(i.MI5i;': 


C  -N 
C  -  AS 


'  ASXFR<Lt’1ISri.! 
N!A 

MPTLDC- 

NECGN: 

NF.ID: 

TINC: 

TIM. 

■AMOD; 

IHOD; 

LL: 

MAK£M<  IMQD, 


PNT<«); 
MPNT<#» : 
NWD: 
MAXGT: 
MAXG: 

,  TMXF; 
■■.''^TMAXTQ; 


.ACCF-TS  Ui'fiATCHErj  DA  P.A  FOR  AGPR,  PERFORMS  A  BET'.-.'CEN 
r-'-’ES  EMITTERS,  AND  AODb  l-i£W  EMITTERS  TO  ITS  MEMi'iR  .’ 

RR0C.P5S.INR  FLAG.  l-HORt  DATA  IN  THE  INPUT  .BUFFER  ‘10 
TO  FhOCESSEO,  0-A  u‘.JFF£R  ITEM  IS  IN  PROCESS,  (.i!'. 

TO  ACCEPT  MEN  .OaTa  iNTCi  THE  BUFFER 
C.>J-RENT  SI'.E  OF  THE  INl-uT  BUFFER 

NO.OSER  OF  IIMES  'MiVR  /BUFFER  OVERFLOW'  FLAG  IS  S'c'i 
INPUT  BUFFER  TO  THE  ARRAY  PROCESSORS 
).*r'GA.  :2"rTEQ.  3-PW,  A-JOA..  S-ID#,  6-MATCri  FLAG 
J;  TP.i'.M.-..rER  TTME  POP  EAChl  EMITTER  FROM  ASSOC 

^'^<o;iE.R  OF  ARRIVALS  'rO  ARRAY  PROCESSORS  FOR  MATCI-I 
local  time  for  MPPR 

number  of  EM'fTTERS  IDENTIFIED  BEFORE  COMFIOURAT lOM- 
<. input  PARAMETER) 

.•T/lTItR  OF  .FMITTl-RS  CU-RRENTLY  IN  THE  ENVIRONiTENT- 

i'"  NECDMCfiEID  THEN  DYNAMIC  CDNFIGURATION 

#  GF  MICROfMP3TRUCTI'.3NS  TO  PROCESS  AN  EI-IITTER  IN  Hf^r-F 

M.i'c.Ro  INSTRUCT  I  ON  pr:=c.:.ss.ing  time  cf  the  ARRAV-PROCS 

TfOA  FOR  A  .BETWEEN  LIMITS  MATCH 

■[.'•lOEX  TO  main  MEMORv  -.MODULE  NUMBER) 

triCEy  TO  IMOD  (POINTER  WITHIN  A  MODULE) 

-=F',  MAIN  MEMORY  FILE 
i  “  i,-L.  A 

CARR  1  Ef-;  F.R EQUENC  Y 
■nU-FULSE  WIDTH 
^u-TQA 
)fi:  -PR  I 

.))■>■  EM.? TIER  TYPE:  l-P.EG-,  2"’^G.  ?-CW,  4-JITTERED 

S-UNCLASS.IF.TED,  9-PG:  PSI  l^OT  CONPUiEO 
POINTER  TO  CURRENT  SIZE  OF  MEMORY  .MODULE  # 

.M.=  '.IMUM  Si.ZE  GH  M.EMOF  V  MODULE  # 

NUMBER  OF  WORDS  PER  "lEMOPY  MODULE 

PR.jCESSING  TIME  FDR  .4N  .EMITTER  (DELAY  THROUGH  MPPR) 
HA A I MUM  DELAY  FOR  PROCESSING  AN  EMITTER 
TIME  AT  WHICH  M.AXQT  OCCURRED 
TIME  AT  W’UCH  MAXQ  OCCURRED 


C  START 

IFdMTAG.  GE.  1  >00  TO  PB 
C  *  TEST  BUFFER  FU... 

1F<LM1SU.L*(  64  >  GO  Vn  24 


23  ,  ='0RnAi‘(5.‘.  •Jv’i-rr--L'JW  ,' 

lECWT  =:  IDOri'  1 

T~(jR'.r-!T  '.7  ^ CAl' 

Ts'!  20 

0  )  TE2T  KOR  riAs  ;-;j7;-rri^  sj;',.-  (•■•■••Our-tUiO  ELEMENTS  TO  RUrECR 

24  LM  T Ci  T  Z  =l.h  1 S  J  ; 

*  I-' (LMisi:. -ir  ','-,/MPR)  t T 

D'j  :jv  i  = 

•25  I ‘^IXF'.  n 

30  -'•£v;r-ruLM:2;  Z  •••*.rxF 

■:  CCLLCOT  I'.TAT  A!;.-  :’:  ARRlv'ALb  TO  MP-'K 
L  j  J  A"?"  1 

C  TEST  Mni»UL-I  i“Q7  .-'RDCESOIimO  OiJMPL.STE 
I  =•  { AS  Xi-R  O-  M I S  1  2  )  LE.  HP  ‘1 1.00  )  NE  fOP  H 


TEST  FOR  ij  nr  emitters  r.iFiE7  aNO  CiJ.NFIOURE  LIST 

IE(NEI0.  LT.  MEIuN)  GO  TO  22 
NEID=0 
CALL  OON"IG 

TEST  rt?H  LQCA.L  TIMS  CURRENT  AND  INITiMLIZH  PROCESSING  FLAG 
IMTAG-0 

IF <LliISIZ.  LE  7  mND.  MF^  fLDC.  LT.  ASX1-R<  i )  >  MPTLOC=ASXFR ( 1 ) 
Ir<LMiSIZ  EG  S;  RETUiTfl 

SEARCH  ADJACENT  r^FMORY  hODULFS  TO  HATCH  PARAMETERS  BETWEEN  LIMIT 
T!NC=L\.  •>-Tl!'l 
KMOD-MaISUF< i.  i J“1 
:F<KMI3D.  uT.  1  J  KmOD-I 


.•2\  IFISMDD.  GT.  A2!  LW0D=S2 
•2/  DQ  1  J  =  i,NNr- 


DO  1  i  NOD^Ki'ETiS  KMCb+k 

C  CHECK  IF  MO-jUU.-  Is  EMPT'/  <THS  TIHINC  15  X/3  BECAUSE  OF  PARALLEL! 

IF<I  GE. PNT( :mUD) )  GO  TO  I 
C  MATCH  IFREG 

1  U^MAMEM  <  I  i'iLiL'-  I  ■  2 )  +  i 
IL=IU“2 

J'^<MAIBUF(  3 , 2).  LT.  XL  >  GD  TO  1 
IF(MAlkiF(  i,  2,7  GT.  lU)  GO  TO  i 
Ll=^I 

T INCITING +<20  -I  +  b. 

GO  TO  ii 

I  CONTINUE 

TINC=TINCt  <2''<  \  1-3  )  '■'<T  XM 

GO  TO  12 

C  TEST  TYPE  1  OR  2  V  INCREMENT  COUNTER 

II  IF<MAM£MaMOO,  LI...  ft).  NE.  2  AND.  MAH.EMI  IMOD,  LL,  A).  NE.  1 )  GO  TO  6l 
IFINAIBUFi  1,1)  EG,  IMDD.  AND.  MAIJ3UF <  i ,  2 ) .  F.G.  MAMEM<  IMDD,  LL,  2)  ) 

i  NMCNT=:NMC^i■  -  1 

iF<MAlBUF(i,  ME.  IMO-O)  i.DDAD"IDOA.O+l 
62  IF(MA.TBUF(  i,  0;  ME  MAMEMC  IMDD,  LL.  2)  )  tCFiX^ICFD+l 
IF<MAIBUF<5,  i  >  N£.  IMGD)  GO  TO  6 A 
-  IF< IWRITE.lt  j>  go  to  64 
WRITE<6,  40:3)  r.F 

403  FORMAT  (IX.  -'C Ai-i  P 0 1 NTEP.  1 5 ' ,  -1 3 ) 

DO  43  K=l,MMOi: 

,.J  n=-LDCAMP<K) 

DO  43  I«l, 11 

43  WR I  TE  <  6,  406 )  K .  <  1.  QDChM  <  K .  I ,  J  )  •  5. .  3 ) ,  1 

406  FQRM.X  f  <  2X ,  '  LODC  AM  ‘,516) 

64.  CONTINUE 

C  ’  TEST  FOR  TVpr  ^-..rroD  aND  INCLUDE  TIMING  FQr^  INTERRUPT  CHECK 
■ftl  TINO~TIN<>  2.  • 


inmii  riiriaii 


TINC-Tirgc-*- J  -.TIM 
C  ‘COnFUTfc  IPRi 
CALL,  PRI- 

L  TEST  FOR  C’_aC.  '.' i IC  AT  iC'-i  .1  MLUf'iKL!*  f  . 

'  ■)  Li...  4  ap^d  nAr’-r./ inC'.-- j-l.  7)  LE. -i .  co  r(j 

C  TEST  )-G4  fiHDJLE 

to  :, .  ■;  ECi  wt:  Tf.*  .*,0 

C  ’JP&ATE  CGRrSf  r  p'.SOULS 
CALL 

TINC-TINC+oO  -^'Tlh 
GO  Tl?  i<=^ 

C  iJPUATE  CURRSMT  l-sODULE 

.:ale  UPDN 

TIMC^I  INC-r60  -TIM 
GO  TO  19 

:  INSERT- Ui4hAT^.Li-L  CATA  ]:.=  ‘^RJCESML'.'v  E  .LE 

i2  TINC— riNO-^s'fi  1  “Ipi 
r<=MA7BUP' i,  1  . 

IM=PNT<K) 

NAMEi'HvL  M,  •  )=i 

MAMEM  \  K,  N,  »  -NAIBUP  <  i  .•  2  i 

MAMEH<L'L  N.  3>  •=!-1AIBUFa/  3) 

KAMEH  t  K . N, 4  5  I3UF < i ,  4 ) 

f^AMEMOL  N; 

KiAhEM  ( K.  N,  6  >  =3 
rW.ENCA,  N..  7)v0 
r^AHEM  <  K,  N,  3  >  =NA I BUF  (1,5) 
r  NT  ( K )  — P)''1T  <  A  .1  1 
IF<IWRITE.  GT  0;-0R.TTE(.':..  iS) 

F0RM/-.T<5X 'N-3  .'IPF  MATCH') 

IFLPNTCK).  CT.  MFNT<K)  )  MFNT  (K)^PNT(>\)"j 
I F ( MPNT ( K ) .  L£  NWD )  GO  TO  1 9 
WRITi:(6,  99) 

99  'FORMAT  (5X,  'i-iPPR  FILE  FULs  ' ) 


>3 


I 

1 

-k 

I 


i 


I 

I 

I 

I 

'0 

t 

j 

I 

!V 

4 


I 

I 


19 

C 

75 

C 


400 


UPDATE  l••!PTuGC 

MPTLGC=MPTLQC-T I NC 
SET  PROCESSING  TOMPLET.l'.N  TIME 
TMXF=MPTLOC 

COMPUTE  DECAY  /N  J=R0CESSING 

AXGT-==MP'I LCC*  I’”.  BU.^*' t  1 1  4) 

IF(  IL'PITE.  UT  OWRITE  •;  i-  AGOAXOT,  MPTcOC,  MAIBUF<  1, 4) 

FQRMAT<2X,  'A)>.G7«  E15.  6,  E15.  5-  19) 

AXQT-AMQD '  AXG  i ,  2.  -s^v*  1 5 ) 
maxot--=axgt 

IF<MAXOT.  GT.  :--.-4a'Q )TMA>:'i 0=TMXF 
IF<MAXQT.  Oi  NAaG)  MAXO^haXOT 

IFdWRITE.  GT  0)WRITE(f,:,  A>  (MAIDU”<  1,  I).  I--!,  3),  MAXQT.  LMISU,  MF’TLCC 
1  MAiBUFn... '■;) 

S  FORMATS  IX,  'NHPR',  SIB,  OX,  E14.  4,  14, 

C  COLLECT  STAT.FOR  LOAM  BUFFER 
I F  <  I NL ,  GT .  )  Ni..  !l )  I  NLM=^  J  NL. 


POP  UP  STACK 

LMISI/:=LMISI.>1 

IF(LMTSI2  L'  -1  RETUR!! 


DO  30  I«i ,  LM'-CiZ 
y  « 1  •(-  i 

ASXFR  ( I )  -ASX 'V;  ( K ) 


i 


a 


■S 

1 


Cj  i"j  O  O  Ct  O  O  O  I"i  t'l  O  O  O  O  Cf  O  Tj  I'.*  Ci  O  i"*  o  o 


^  ■if' p  JP  -4  i. -v  ■'  ;;  ^>-if  i5- i>'j>  -  im  r*  •/ .•  •  -Jr-?  i- ^,- >'Jf •Jf*if^^f•(^  ^  ji-'if'j;  ■;^‘‘;  r -p  •'•  <■ 

'^•iJ-lf jf'i^'if •»  •;  ,•*.-<■ -if if ■it-if -if -if ■*- 
•■•ii-'if'lr-!J-^-f-+-a  ■  ^ -! ->  ^---ti-v  <  V-.  >■<  -- •  -j  i-v  •••£■>■-<•  ■»•&•»••«■•«■•■:■■?<■  i! -ir-if ■»"<<••»■■>'!*■'  •■  -■■■*  ■i'- 

c'  I  I'^r-'LMr;'  :  <’i £Kif4  <i-n) 

wCrirt' .'  n.  '.!*;■■•  M  <  64,  4u'  G  >  •  i_i.. 

•  1  !  -^r, 


JMGi'i  ii^xF,  HAlB'JFtP4,  o.>,  T'r: 


1  r--  ■!  T;  N  i  S  .-_••» ,  MFDT  <  ■'.'4  1 .  ■>■!  1 A 


C OMMLi.'i /PRZ . 

I'i-v:.  PPl! 

_ ;  P  K  I H .  .N.E  I  D  C  Om 

THIS  RQl.'lINE 

U(jTES 

IHL  s'PI 'S  •.  Ir<  TUf.; 

ME.MORy)  and  :l 

b';.:L  FOK 

LMIV.'L'R  7YPL  Al.!::- 

DAT  A  WuK  DS  M.'i 

'iC'HEl:-  IN 

I-.PPR 

■k.EY  VAjUABlIL-. 

IrlQD: 

INDE.x 

TO  MEMfiRY  MOOUt-E 

LL; 

E.NDEx 

TO  MArChED  Wi.'iRD 

MAIEUFY  1,  ! 

;:l-DDA; 

r,0-FR£Q;  4:.T-PW,  4i 

MAhEM  dMGD,  L 

i.,  1  ) ;  DOA 

<.IMDD/  i.f..  L-'5: 
( I  MOD,  L.!..  :;M  : 
(I MOD,  Li-.  4;: 
( I  MOD.  LL.  i : 
( J  MOD,  LL,  6) ; 

<  XmOD*  L.L,  * ) ; 

<  tmCD.  Ll.  8.  : 


TINC: 

TIM 

IPRI: 


C  AR  H I ER  FRL'OUEMC  V 
PULSE  WIDTH 
TOa 
PRX 

EMITTb'K-  rVPF  (1-R£G,  2-HS,  3-CW,  4-JITTERr.;;, 
S-UNCLASOIFiED-  r-PG;  PRI  NOT  DETERMINED) 
NUMBE.R  OF  PULSE'Ji  KCVD,  UP  TO  4 
EMITTER  ID  WUMuER 
TOTAL  i)  OF  MICRO JNv5TnuOT;-:«M?;  EXECUTED  TO  PROCESS 
•*!v’  EMfTTER  IN  MFPR 

,MI‘-Ri;,.MFTRUCTIC*'  r'RDCEEETHG  TIME  OF  THE  PROCESSOR 
ARRAY 

PUi.Ett  REPETITION  INTERVAL  <LOCaL  TO  PRIP) 


;tart 


IFIMAMEMaHGD,  u.L,  4).  LT.  0)  RETURN 


COMPUTE  PRI  (MOD  2-^*  16) 

IPRI-HAISUr<  i,  4)-maK£M<  iML'D.  LL.  4) 
IFdPRI.  LT  0''IPRI  =  .IPRTs-pi'-><-.14 
C  TEST  FOR  PULSE  .'^ROUPS 
TINC=riNC+;6.  •■••TIM 
IFdPRI.  GT.  SO >  GO  TO  4!? 

MAMEM(  I  MOD,  LL.  6)=>9 
TINC=TINC-<-4.  ;fTIM 
GO  TO  49 

C  TEST  FIRST  PiJLSE 
45  TINC=TINC*.  !*1M<'4. 

IF(MAMEM( IMDD, uL, 5).  LT  .  0)  GO  TO  IGO 
C  TEST  FOR  RE.mAH  EMITTER 
IPFDUh=MAMEH-;  IMOD,  LL-  5) 

I1234=I?RI  -IPFi/'JH 
IX^IABSdiSvTA) 

^  TINC=TlNC+t4  n,TIM 
.Vl)  IFIIX.LT.  3)  GO  TO  12 
C'^TEST  FOR  OlTTERED  PRI 
T!NC=»TINC-J-TIMi-6 

IFIM.AMEHdMU.O,  LL,  7)  LT  4)  GO  TO  40 
MAHEH  ( I  MOD .  i 6 )  »4 
TINC"-TINV>4..  -TIM  , 

GO  TO  ,19 

-  ■■  ■  ■  - _ _ _ — . . — . . 


TINC''0'INC  +  ?  •=•■^1!“! 

X  F  ( M AMEM  <  I  rti:  0 .  i.i . .  6 ) .  r  <L' .  9  J  QO  TO  3 


MANEritXNQD  !.: 

1  *  —  C.* 

GO  Ti)  i4 

i;- 

f'.ANEt'i.'lMGD  i_. 

;..  a.'  =  i 

14 

TXNC"TIN-:+< 

;  TIM 

« 

GO  TO  49 

r 

TEST  pr;  count 

40 

TINC----TihC-:-ri 

ii 

« 

IP  {MAM£M(  IN'.'. 

U-  !_! ..  7  ) .  eg.  ' 

c 

TEST  SINGLE  •nUO 

g::u  pulse 

X-AHS(2.  ^-NAr-i 

Ll. 

)'A=A.tL-.<2 

Jl-h 

T I  NC.=  T  INC +;.;{■> 

.  :  TIM 

IF(X.  GT.  3.  ) 

O-..'  TO  30 

x'RITEcS,  l7) 

17 

FORMAT  < 1 X i  M 

",  •-  JPU  p ;Ji  ,  r 

T1NC^VIN.>0. 

-‘T  IM 

GO  TO  49 

30 

Tri\JC=TINC-TI 

i'1'.v3 

fO  100 


Ir<XA.  GT.  3  )  00  TO  ICO 
IF<IR1T.  GT.  0 )!.-«< ITE(6>  17) 

MAMEH<  IM.1D,  Li.,  5)-IPRl 
GO  TO  49 

STORE  CURRENT  O-RAHETERti 
TINC==7INC+t.- 
t'lAHEi'K  IMQD>  i.L..  3)~IPRi 
MAHEM<  INOD,  !.L.  7)«HAHt:M(  iHL'D-  LL.  7  •❖I 

X  IF<IRIT.  GT  -i  hiRITE(6/  i6)nAM£!i(l!*iOD.  LL.  7),  IPRI 

)  FORriArX  iX,  JO.  ^-X  'PRI  C7'hPU■f£^•^  I4  ) 
TINC''-TTNC-Tlh-;ri5 
IFdPRI.  LT.  PRiL/  F.RiL^iFRI 
IFXIPRI.  GT.  PR'CH:-  PR  JH-'IPRI 
M£ID==l'iEiD^i 

MArlEM<  IMGO,  L:..  4)=riAlDUF<  L,  4) 

RETURN 

END 


•>  J?  t  • ,'  -  ■ft'  A"  •!!  *''•  ^  ■  -ft- -i,  !^  “ii- "if  ■?  ■*■  ■^  *  I  •  ,-.  J-*i-  -j  "Cf  ■*■  - 

^  % 

'.,*•«  ■fr-H  ■»*■<«■♦■»  •*?•«•»  •fr't»-.l-»  ti-'i'  ;  •-■a-P  -h-tt-SHfi'.  .'-.'••fi-fj-S-ft  fr-K-^-lf  ■{?  1-  fV-  ■<1- 

"■.•!jr-:iV.jT INE  (.!•-  ;■  Ai,n 
C  IT  7 NTi.. 4  '.  :--Nj 

■  )  CQr-lMi‘iN/M“ /!“!,■--'  •-:^  =  64,  46.  8 )  •  i.l. ,  ]  HT.v-',  "•'‘i'O.F.  HAIISUr 64 . 6) T  '  ;•  . 

1  NWD 

•  I  ,  !-W  :  ■..•  i-  > .  MPIVIT  ( ..'4) ,  NIA 

•F?-  <  64 .  /: ) ,  INL 

1  ,  l.QOC An  ( 64,  ili  .>  ■  L.OC Ah:-’-  <.  ;:5-. ' .  L,OC  AhX  ( 256  > , 

2  INLTl .  INi_  72,1^1-78 


THIS  fiOUlINc-;  /8  ',".,£:0  TO  UPDATE  THE  Ct.,!'! GiTTS  DF  THE 
HICHOPROCESGO!-:  .A-'FAV  INTERNAL  .HEMl>.4/  WHEiN  TPiE  DATA 
CHaN:C-ES  IjITMIN  tN'I  .ALLONMjT  :_[niTr>  '•-.HI:  THE  DD.A  ALSO 


CHANGES,  I. 
DOA  NCnUl.E. 


i:. 


’rf!E  riHPR  ;‘:ArCH  DCC^hMElj  IN  AN  ADJACENT 


i 


c 

c 

c 


V.EW  VARIABLES: 

PNT<KK;:  POltJTER  TO  THE  CURRENT  SIZE  OF  MODULE  KK  OF  THE 

D*‘-*rA  FILE  MAMEr-HKi^, 

KPNTIKK):  M.AXINUH  VALUE  OF  PNT(KK) 

MAIBUFd,#):  '^l-DnA,  #2--FP£Q.-  #3~PW,  #4--T0A,  #5-ID#.  #6-MATCiT  FLaO 
LCBUFFClNL,  «)  •■  i'n-DQA,  L‘2-FR£Q.  4iS-NTOA,  =44-PRI 
KAriEMIlMOD,  Li.< 

•i:-i  -DOa,  ^.L-PR.EG.  iiO-PN.  #4“TnA..  4-5-PRI  <GET  TO 
UNTIL  COnPUTED),  teft-EMITTER  TYPE  (SEE  PRIF), 

X-  PULSES  h-:n‘D,  *it-“;:nr.'TCR  id# 

>inQD;  MPIMGRY  MODULE  wHICH  CtJ-'PESPONDS  TO  DQA  <1.  .61) 

:..AL:  ErWTTEP.  LOC  AT'it'jN  IN  flEMuPY,  POINTS  TO  THE  LLTH  EMITTER 

STUPED  IN  "HE  IMOO'fP!  SECTION 


C  START 

KK-MAIEUF<1,  1'. 

U.J=PMT<KK) 

DO  2  J=l/  4 

2  MAME^}  ( KK ,  J  .J ,  v )  =:M A I B  UF  d ,  U  '* 

DO  3  K^5,  7 

3  HAMEM  KK,  JJ ■  >, '  -P-AMEM ;  J  MOD,  LL,  K  ) 

':-1AMEM(KK,  JJ.  rr,='MAI5U."(  1,  5) 

PNT  ( KR  >  =>PMT  ( ►‘.K i 

I r  ( PNT  V KK ) .  GT  -A? NT  < K»\  d  MF NT < KK )  =PMT ( iVA >  - 1 
C  STORE  MaTCH.ED  0/iTA  IN  NEXT  ARRIVAL  TIME  ARRAY 
lML-INL+1 
INLI2=1NLT2- 1 
IFdNL.  LE  64/  00  TO  22 
WRITE <6.  23>TMaF 

FORMAT? 2,1 .  'FNNAT  INPUT  BUFFER  OVEnFLOW.  MT=",F12.  6) 

OD  TO  49 

LCBUFF(  INL,  1  :-==MAIBUF  (  d  1 ) 
uCBUFF< INL,  2  >-MAIBUR( J ,  2) 

LCBUFFI  INL,  3>»MAM£M<  IMOD,  LL,  5)+MAIBUFd.-  4) 

LCBUFFI INL,  4 )=MAM£M( IMDD.  LL,  S) 

IFdRIT  .  GT.  0>  WR1TE<6,  26)  <LCBUFF<  INL,  UU>,  JJ=i,4>,  INL,  TMXF 
26-;;T)  .f-*ORMAT  < 2X ,  'MTRA ' ,  SIS,  P 1 2.  6 ) 

C  PACK  MEMORY 

49  PNT  <  I  MOD  >  -PN  V  (  I  NOD  )  -  .1 
NN=;Pfn  ( IMOD.’! 

DO  SO  u«i,y 

50  *  MAMGM •:  IMOD,  L  -  ,  J -M.AMEM  <  IMCD,  NK,  U .* 

MAMSH<  I  MOD,  l'ir4;  7:-=:0 
FETURN 


23 

r^,n% 


4 

it 

i 

I 


I 

I 

s 


I 


C***-*;-** '»-UPDM-*> -. --j ^ c  i--'> ■*•••>-•» 

.:  :s«!pLr.  I”  £?•:■!><;  .. 

')  6^- 4()  O  U- Il’iJ;.'  I'h/.F,  MAIE>j:- i64,  6)  •  1 'Pi. 

1 

•  :  » I F. : T .  i-j  r ;  ) ,  mpnt  ■  i.4  .• .  w i  a 

•-•DHi'llif'J •' L  C y ■  r  ( (‘.'A.  y  / .  (WL- 

LiiUCA’-:’.  .'Jr-'v  •r'-i-  .J  >  •  i.-  CAf'ii-'  .  1  )■)(  M.''lX  <*'5A) , 

2  :hLT  1  .  's'iLTZ-.  INL'i':.. 


c  th::;  ROiPriNa:  ib'  ‘-rEO  'li:  cHi.  c<.*K;'/£rv7£-  of  the 

C  HICROHROCESiO-'  INfERWAL  MEMORv  WWDj  DATA  CHANGES 

C  WITHIN  IhE  alUVv-LID  LIHI  PC  DOT  THFkK  xB  NCl  CHANGE  IN  DOA. 


C 

c 

c 

c 

c 

c 

c 

V 


XEV  VARiASi-Eb- 

tlAIBUrc  1.  .  e'.-DOA,  -A-.i-fiXm,  473- Rvi.  444- TOA,  445-ID44,  456-HTCH  FuAC 

INL.  POINTER  rO  EI2E  OK  l.Ci)UFF 

LCSUFFt  IN...- 44; ;  44i-DDA.  #£;-FR£G.  ftO-NTOA,  444-PRI 

HAMEMaNOD.  i-L.  w;; 

Tfl-DOA.  442*-Fr<EQy  #3“PW,  4»4--TOA,  #5-PRI>  4fA-TYPE, 
!*7-PULSrZn  RCVD,  #8-EMrrTEF?  ID# 

TINC:  TOTAL  4  OF  HICHOiMFTRUCTIONB  EXECUTED  TO  PROCEOB 

AN  EMITTER  IN  MPPR 

TIM:  MICROINOTPUC  riON  PROrEBPjlMC  TIME  OF  THE  PPOC  ARHA  / 


C  'START 

'J  :F<irKIT.  C-T.  0.>i‘F;:TE(A,  ’0)MAMEM<IM.or;.  LL.  A'« 

10  FORMA T'.Sa/  '>iP=  MATCH  TYPE- '12) 

4'.K«MAiBU“<l>  .1) 

DO  2  s!»i,  4 

2  MAMEN ( KK , LL, J  >  =MA I BUF ( 1 . J  > 

C  STORE  MATCHED  OhTa  IN  fJAT  ARRAY 
INL.=  INL+1 
INLTO^^IrlLTB-rl 
IF  (IM.L.  LE.  M;  go  'iO  22 
WRITE <6. 23)TMXF 

23  FORMAT (2X,  'PHNAT  INPUT  BUFFER  OVERFLOW.  MT=',F12.  6) 

30  TO  4? 

22  LCBUFF  ( I NL ,  i  )  •■=M  A I E  UP  '  ) ,  I  > 

LCBUFF  4  XNL,  2 ) -MAIBUF  •;  1 ,  2  ■ 

LCBUFFI INL.  3)=iMAMSM<  inOO,  LL,  0)-<MAI3UF{  1, 4> 

LCBUFF  ( INL,  4  )=MAMEM<  IMGi),  LL,-  5) 

TINC«TINC+12.  -^TIM 

IF  (  I R I T  .  GT.  0 )  WR I TE  ( 6,  26  ,'<  LCBUFF  <  INL,  UU ) ,  JU=  1 . 4 ) ,  I  NL,  TMXF 
26  FGRMA  i  F2X ,  '  MTR  ' ,  5 1 S,  F 1 2  6) 
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RETURN 

END 


o  t;»  fj  u  tj  fj 


C  C  uNF  I  0  Jr  ’’ 

If  <* 

i  .<  V*»>  •'* 

k  i'  *Jf  rt  +<">C  T.  ■* 

-i)  %.* 

I  ~ILE  COi'FlCJPA-r. 

"T: 

SUBiViTJTINE  C- 

■“  r;- 

C  ^  IMPLICIT  INT--: 

-iJ) 

•  '  CONMi.iN.'PP:  ^'Tl; 

n:  prp.. 

'-R  IH, 

NE 10-!  .rj 

Ci.il''! 

»  CONMUN/LAS-T- •; 

1-0  FRs-  r.; 

) ,  LA 

I S  1  4  .  f~'r- 

'i  '-Ml. 

.  .i.;-:  i  LOP,  idel,  ^100, 

i  Nwr-M-NCir 

OE  KENS  I  ON  N^•. 

■*  • 

•  •lI'i 

.*  a.  .. 

I'PEL — 

- PR 

IH - 

ivi'IOD 

NhIT 

Data  h/  L'’-< 

B96, 

’iOO-.'. 

204.-,, 

.3,2, 

64, 

i  in-'; 

.  .640, 

048. 

3072. 

.64, 

64, 

2  1  rid 

,  c;5c?. 

•;07.2, 

4096, 

64, 

o4, 

3  10;  .5 

.  256, 

40V.->, 

SOO 1  , 

■ 

1,29, 

^  2r;.-. 

..  768. 

4 

71.4.8, 

.64, 

1 2B, 

5 

.  1000, 

5l  IS, 

6-4, 

.1  i-iS, 

S  25?. 

,  S96» 

7  168, 

BOOl, 

32, 

256. 

7  7SE; 

,  1024, 

•31  iS, 

716t;, 

32, 

nc  i 

,.v,0. 

e  1000 

,  1024, 

-lOV*, 

5118, 

256, 

9  S9l. 

,  1025, 

7160, 

8001, 

16, 

512, 

t  256 

.  1024, 

3072, 

4096, 

32, 

1,28, 

1  £3*Ti.* 

,  1024, 

2048, 

307:2, 

32, 

.1,28, 

2  SVo 

.  1024, 

2000, 

r:04fcv, 

32, 

128 

3  / 

THIS  SUBROuTJN?;  SIMUuAT&S  THE  RDri  iJKiCH  HAPS  THE 
^MAX.  AND  THE  MIN.  PRI'S  INTO  THE  CONFIGURATION 

key'  GARIASLES: 

NNDD:  NUi'iaEK  OF  MODULES  IN  THE  LIST  BUFFER  (LCBUFF) 

MBIT:  NUMBER  OF  BITS  SHIFTED 

PRIL,  FRIH:  LG'A  AND  HIGH  PULSE  REPETITION  INTERVAL 


C  START 

NC0NF=i3 

DO  50  1=1,  NCGNF 

IF<PRIL.  LT  Ma,  I)  .OR.  PRIL.  GE.  M(2,  I )  .OR. 

1  PRIH.  LT  I )  .  OR.  PRIH.  OE.  M:  4.  I  )  >  00  TO  50 

NMOD=M<r..  1  ' 

NB I T =M  ( 6  •  J 
RETURN 
50  CONTINUE 
NM0D=i6 
NDIT=.123 

return 

END 


c 


S'.ji^RijSJTlNt.  W- '  AT 
^hPLlCIT  IN’fi"  ^R-»4  (I-N) 
R?.AL  h=’'T'..0>: 


r  •'v  1  E'jer  v. 

> 

am; 

■“r* 

'  r\  *.  1  • 

CA:'‘‘F 

Th .  C. 

Jil  r 

CCMMlJN/  EM 

:  (/-n 

ri  r 

R  ( •; 

:C--. 

2  5 • 

TIMF,  •• 

>"••  '/p, 

1  EM  i TON'. 

D60  , , 

**  *“'1 

:IN 

COMMON/ RC 

V  /  I,-: 

IF*- 

iTO-*.. : 

-•■iU,-'*  Si. 

COMMON/ A.C 

■  !'!A 

I  --I 

Taj,  .  ' 

'.'(r  I 

XF  -'  *.  (■: ;  .• 

0‘-v  T( 

•COMMON /M=’ 

/  l-li'i'.'iE 

1 

6-h-  • 

li'j; 

9 )  -  i . 

!..  inOD 

.  IM', 

I  i\.;oD 

1  ,  IRiT.  RNi  hPNT NIA 

C  ."MMi.’-W  /UP  /CAr-iri.V,  ( 6M  >  ■  r  A>'!F  R  j  ( AA  > .  I  .:;-«Pf::  X  i  t^A  >  ■  CAMPTR 

CC'MNON/PRl/  rCi'jC,  PRIL.  I'RlH.  NEU).  HECUM 
CCMMOW/UP I  /CA'  )QUP  <  rj2  ■  ; 

rC'HMDN/LAS'.jr  •  -S  ',  iIPM,  ^:!£/4 

COMMON/STAr/!-i;*i';ivT.  MCr-r,  HA.-.Q.  iiAXMr-R,  TMAXTQ,  HCWL,  J^LM 

CCiMMON/STA  !'  ■.  DiJAI),  iCl-D 
CGMMUN/RANi),  JRAi'i 

COHMCjN/LRCVR/PCSUF  (64; ,  LRT.33UF((;(4.  5; .  lACELL ( 16) ,  ACELL  (  l6i, 

1  RID  (64.  6)  .  "RIB  (64  ) ,  LRIBT,  RC  TLCir.,  LRISIZ,  LRIT 
CaMMOH/LASPR/ROFRCJ^),  L.AlSIZi  A.SiLOC,  ^STLDP,  IDEL>  NMDD, 

1  NWPM, NSIT 

CGriMGN/Ur'tPPF/AQ.tFR'  12R) .  L.HISIZ,  HPTLOC,  IBCMT 
COMHON/Ffi/LCO"JFF(64,  4;,  INL 

1  .  LDDCAM'.2:;6.  {-4,  TO  .  t.DCAi'IF  (2Sr..  >  •  l.ljCAMX 25.6 ; , 

2  INLTi.  INi.fS,  1NLT3 
CQHNO!'M/CK/-;(i''i/TPFiNT,  PaNC,  N'TXME.-  (--“nie,  UF: 

CONHON/Jnp  ZEtv/ J:0W.  UZPG,  J7FH.  UZnO.A,  JZPRl 

IF(  IINE.  I-T.  TPRInT)  return 
TPRIN1*TFRIM'i+PINC 


WRITE  UUT  SiATIRTICS  > 

WRITE <6,  77)  'ilNE,  PINC 

T7  FORMAK////-'  Tine  F6.  2,  '  SE:.  (PRINT  INCR-'S  F7.  3,  . 

101  WRITE(6.  102)  MMCNT,  MCNT,  NAXQ,  NAXC.''.^,  MAXMFP,  TMAXTQ,  NCWL.  INLF 

1  ,  IDOAD,  i'-FV/.  MEA.  K'lA.  JNUTi,  INuH'..  INIT3 

102  FORMAT (/',  i/.,  M-1Cr'n=' 1-7,  ,7;X,  2X,  'MAX=S  17,  2X,  'CAMB=-  ■  [‘j- 2>' 

1  'MP-B=  ,  I'J.  /..  2X,  ■’hTIliE=S  F9.  6.  xX  -NCWL^S  19, 

2  2X,  •■hLCAh3=.F='.  13.  2X.  'IDOAD"  ,  17.  /,2>:,  ’ICFD=',  15,  2X,  -’NEA-  ,  IT, 

3  2X.  'NIA-^'  17,  2X,  ']NLTi=--',  I4,2v..  -INLTS^'',  14,  2X,  'IWLT3=',  15) 
ITMPMT-O 

DO  109  K==i.6-- 

iOe  ITrtPNT=I  TMP.-jT-hPNT  (  K  )  - 1 

WRITE < 6,  1  i  I )  ■•  NPNT (  I ) ,  7.-3 , 64 ) 

111  forma r(2x- 

WRITE(6,  lOOA,  ;  IFIX\RNT(I  )-1  ),  I -..,64) 

1004  90RMAT('  main  NFMORY  SIZES;  ' /  ( .2a  .  16J3) ) 

WRITE <6. 115)  ITHPNT 

1 1 5  FORMAT  (  5X ,  '  TOT  Au  EM  ITERS  I N  1 3 ) 

WRITE (6.  109/ (LDCAMXCi),  I-=i,NMuO) 

109  F0RMAT(2X, JqI3> 

LCS2)'T=0 

DO  ICOB  I^l.NMOD 
t  LCB2PT -=LC  Vk'^T ^-LDC AMP  (  1  > 

1005  CONTINUE 

WRITE ( .6,  lOOv  1  ■; l.r-CAMP  ( 1 ) ,  1  =  I .  WMO)> > 

1 009  .''ORM.-, r  <  '  ulO:  'S  [  ZES ■  v ,2 X ,  1 6 1 5 .  > 

WRITEtA,  '..S2PT-  '"LO.-Vf  ().X:52Pl  :  .'NnOD 

ICT"*  -CKM-.T'  ■"j"  ••  'TF-  ■  J4.  AVV  !  IBT  £T2F~'  F.-.  T) 


